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Preface 
This report has been prepared for use by the City of Redmond (City). In preparing this report, RH2 
Engineering, Inc., (RH2) and 48 North Solutions (48 North) used site information from the following 
project efforts: 1) environmental data review and field investigations completed in August and 
September 2019, September 2020, and March 2021 by RH2, 48 North, and Northwest Hydraulic 
Consultants, Inc. (NHC); 2) a topographic, boundary, and technical discipline data survey completed by 
Axis Survey and Mapping (Axis); and 3) hydraulic, hydrologic, and geomorphic analysis by NHC. 
Background data, reports, and maps used to prepare this report were obtained from the City, King 
County (County), the Washington Department of Fish and Wildlife (WDFW), the Washington State 
Department of Natural Resources (DNR), and the Washington State Department of Ecology (Ecology), 
among others. Findings detailed in this report are based on site conditions observed by RH2 and 
48 North, as well as our understanding of federal, state, and local regulations governing critical areas. 
The critical areas boundaries, classifications, and buffers reflect the City and County�[�• Critical Areas 
Regulations at the time of this report preparation. These designations may change pending review by 
the appropriate jurisdictional agencies. 

General Information 
1. Project Name: 10000 Block of Avondale Road Erosion 

2. Name of applicant: City of Redmond Public Works c/o Emily Flanagan, PE, and Aaron Noble, PE  

3. Name of organization providing this information: RH2  

4. Technical Expertise/Qualifications: Ms. Alicia Pettibone is qualified to conduct this ordinary high 
water and wetland assessment, and Mr. Bill Mavros is qualified to prepare this fish and wildlife and 
stream assessment per Redmond Zoning Code (RZC) 21.64.010.G.3. Resumes for Ms. Pettibone, 
Mr. Mavros, and additional RH2 staff involved in preparing this report are included in Appendix A. 
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5. Date Prepared: A preliminary draft of this report was prepared and submitted to the City for review 
on December 13, 2019. Revisions to the report were made to reflect refined project design and City 
and County preliminary review comments in spring 2021. In June 2021, this report was finalized for 
City and County critical areas and shoreline permit submittals, which occurred in August and 
September 2021. This January 2022 version of the report addresses City comments received during 
the critical areas and shoreline permit intake process. A copy of this revised report will be provided 
to both the City and County for continued permit reviews. This report is intended to be reviewed 
concurrent with permit applications and may require additional revisions pending regulatory 
agency reviews. 

6. Location of the Proposal: The project site is located at approximately 10000 Avondale Road NE, 
north of the intersection of NE Novelty Hill Road and Avondale Road NE. The project site covers 
approximately 0.60 acres (ac), including the Avondale Road sidewalk, riprap embankment, and the 
riparian corridor of Bear Creek in which project activities will occur. Staging and stockpiling 
locations will be onsite, and will utilize portions of the Avondale Road right-of-way (ROW) adjacent 
to the project site and City-owned property south of the project site off Avondale Road.    

7. Identification of the Proposal: The project will repair and stabilize approximately 150 linear feet (lf) 
of the eastern embankment of Avondale Road NE, which has eroded due to lateral migration of 
Bear Creek. Embankment repair will include construction of a soldier pile wall just east of the 
existing Avondale Road sidewalk; realigning and rebuilding the existing stormwater outfalls; and 
rebuilding the embankment slope to accommodate replanting of the banks. Sidewalk impacted 
through wall construction activities will be replaced, and a pedestrian railing will be installed at the 
back of the sidewalk. To compensate for Bear Creek riparian corridor impacts associated with the 
embankment repair, provide soft embankment toe protection, and enhance habitat in Bear Creek, 
the project will install large woody debris (LWD), construct incipient channels and floodplain 
hummocks for planting in the meander bend opposite the embankment (Bend C), and remove 
invasive vegetation and replant with native shrubs and trees. Additional project details are 
contained herein. 

8. Description of Existing Site: The project site studied for existing conditions covers about 2.5 ac and 
includes the lower Bear Creek riparian corridor adjacent to Avondale Road NE. The Avondale Road 
embankment is within City limits, whereas the toe of the embankment and the Bear Creek riparian 
corridor is within County limits. The riparian corridor of Bear Creek averages 150 to 300 feet wide 
in this section of the lower Bear Creek watershed. Bear Creek is bordered by a native upland forest 
on the east and by the Avondale Road embankment on the west. Urban development, primarily 
single- and multi-family residential uses, is prevalent outside of the immediate project footprint. 
Immediately north and south of the project site, the County completed stream habitat 
enhancement projects consisting primarily of large wood placement in the active floodplain of Bear 
Creek. Site photographs are included in Appendix B.  

9. Report Accuracy: This report was prepared to reflect the current project site conditions and 
proposed improvements, as well as to meet critical area reporting requirements specified in 
Chapter 21.64 RZC, including Appendix 1, and Chapter 21A.25 Critical Areas of the King County 
Code (KCC). If project conditions and/or project design plans change such that the project would 
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have substantially different effects on critical areas, an addendum to this report and/or an 
additional critical areas report may be necessary. 

10. Site Design and Easements: Design plans are included in Appendix C.  

11. Bibliography: Sources cited are listed in the References section.  

12. Mitigation Sequencing: Sequencing to minimize impacts to regulated critical areas has been 
conducted per RZC 21.64.010.I and KCC 21A.25.125. Project objectives necessitate temporary 
impacts to wetland and buffer habitat, and the channel and buffer of Bear Creek. Impacts have 
been minimized to the maximum extent practicable. Mitigation efforts are further detailed herein.  

13. Plans for Mitigation: Mitigation is proposed to compensate for temporary impacts within wetland, 
stream, and wetland and stream buffer habitat, and permanent impacts within stream and stream 
buffer habitat. Mitigation is summarized in the Project Impacts and Mitigation section, and design 
plans are provided in Appendix C. 

14. Performance Standards: Refer to the Project Impacts and Mitigation section. 

15. Ongoing Monitoring and Maintenance: Refer to the Project Impacts and Mitigation section. 

Introduction 

Project Overview and Purpose 

Overview and Purpose 
Bear Creek has migrated into the western edge of the floodplain in the 10000 block of Avondale Road 
NE. This lateral migration has caused significant erosion at the toe of the roadway embankment, 
undermining the rock embankment, exposing an existing stormwater manhole, and damaging two 
stormwater outfalls. At the top of the embankment, an approximately 25-foot length of the ground 
surface has settled nearly 1 foot, creating a bridging condition of the sidewalk. In 2018, the City 
initiated an assessment of site conditions, the severity of the embankment failure, and the risk to 
adjacent infrastructure. With this initial assessment, and continued embankment monitoring through 
the summer of 2019, it was determined that the hazard posed by the migrating creek was not 
imminent (Golder, 2018). Consequently, the City defined the project scope, ultimately deciding to 
pursue a Capital Improvement Plan (CIP) project that aims to rebuild and reinforce the Avondale Road 
embankment in a manner that will include a functional uplift of the adjacent Bear Creek system. In 
mid-2019, the City retained the RH2 team, including RH2, NHC, 48 North, Cultural Resource 
Consultants, LLC (CRC), and Axis to design and permit this dual-purpose project. 

Bear Creek is one of the most important streams in the Cedar-Sammamish watershed for its productive 
salmonid habitat and public engagement opportunities. Restoration efforts for the Bear Creek system 
are not only supported by multi-agency planning documents, policies, and regulatory requirements, 
they also are relevant to the larger watershed planning efforts. Increase of riparian cover and wood 
volume are two specific watershed goals, directly addressing temperature concerns and supporting 
salmonid habitat and sustainable populations. With the project location adjacent to Bear Creek, and 
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one of the primary goals being enhancement of the riparian corridor, the project is anticipated to be 
scrutinized at a multi-agency level by the City, County, WDFW, Ecology, area Tribes, and the U.S. Army 
Corps of Engineers (USACE), among other state and federal agencies.  

The project reach is located between two recent King County stream restoration projects: 
downstream, the Doyle Restoration project, completed in 2017; and upstream, the Lower Bear Creek 
Natural Area (LBCNA) Habitat Enhancement project, completed in 2011. Consequently, the project 
provides the opportunity to connect the links for semi-continuous habitat enhancement along the 
lower Bear Creek corridor.  

Avondale Road is a principal arterial for the City and is heavily travelled; stabilization and protection of 
this infrastructure is paramount for City traffic. Avondale Road was constructed then subsequently 
widened by cutting a bench into the slope on the west and constructing imported fill embankment to 
the east. The embankment was protected by placing large rock on the slope down to the Bear Creek 
floodplain. Considering both the opportunity to enhance lower Bear Creek and protect vital City 
�]�v�(�Œ���•�š�Œ�µ���š�µ�Œ���U���š�Z�������]�š�Ç�[�•���À�]�•�]�}�v���(�}�Œ���š�Z�����‰�Œ�}�i�����š���]�•���šwofold: 1) stabilize and strengthen the Avondale 
roadway embankment in a manner that avoids significant impact to the Bear Creek system; and 
2) enhance the Bear Creek riparian corridor through the addition of LWD and replanting with native 
tree and shrub species. To this end, the RH2 team and City analyzed design alternatives in 2020, 
soliciting comment and feedback from regulatory staff. Alternatives analysis resulted in selection of 
soldier pile retaining wall to rebuild and stabilize the Avondale Road embankment. In conjunction with 
�š�Z�����‰�Œ�}�‰�}�•�������Á���o�o�U���š�Z�����‰�Œ���(���Œ�Œ���������o�š���Œ�v���š�]�À�����]�v���o�µ�����•���^�o�]�P�Z�š���š�}�µ���Z�_��improvements in the floodplain to 
both encourage Bear Creek flows away from the roadway and significantly improve salmonid and 
riparian corridor habitat (RH2, NHC, 48North, 2021). 

�&�µ�v���]�v�P���(�}�Œ���š�Z�����‰�Œ�}�i�����š���]�•���‰�Œ�}�À�]�����������Ç���š�Z�������]�š�Ç�����v�����š�Z�������}�µ�v�š�Ç�[�•���&�o�}�}����Control District.  

Project Description 
The project will construct a soldier pile soil retaining wall through and below the east embankment of 
Avondale Road; replace and rebuild damaged stormwater infrastructure, including combining two 
existing outfalls into one proposed outfall into Bear Creek; and install channel and riparian corridor 
habitat enhancements within the floodplain of Bear Creek. Channel enhancement activities include the 
following: 

�x Excavation of incipient channels to promote floodplain connectivity and already forming chute 
cutoffs in Bear Creek, naturally encouraging flows away from the Avondale Road embankment. 

�x Formation of floodplain hummocks for tree planting (using excavated incipient channel soils). 
�x Placement of LWD. 
�x Rebuilding and planting of the west bank of Bear Creek (the Avondale Road embankment).  
�x Removal of invasive species and planting of the Bear Creek riparian buffer and on-site wetlands 

with native woody species.  

Project Location 
The project site encompasses approximately 0.6 ac, including the eastern Avondale Road NE 
right-of-way (ROW) and the Bear Creek floodplain at about river mile (RM) 3.25. The Avondale Road 
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ROW and most of the embankment are situated within City limits, while the toe of the embankment 
and the Bear Creek floodplain are located within unincorporated King County (parcel nos. 3126069037 
and 3126069038). The Bear Creek riparian corridor is designated and managed by the County as the 
LBCNA in the project location (including the two parcels mentioned previously and a third to the 
northeast of project activities, parcel no. 3126069016). The project site sits in the lower Bear Creek 
system, within the Bear Creek basin, and the Cedar-Sammamish watershed. Fairwinds Redmond, a 
retirement community, is in the southwest corner of the project site (parcel no. 3126069026) and sits 
immediately northeast of the NE Novelty Hill Road and Avondale Road NE intersection.  

The proposed project footprint encompasses approximately 0.6 acres and will occur within the 
Avondale Road NE ROW just north of Fairwinds, and on the northwestern corner of the Fairwinds 
parcel (parcel no. 3126069016) both of which are within city limits, and on portions of County parcel 
nos. 3126069038 and 3126069037. The address is approximately 10000 Avondale Road NE, Redmond, 
Washington. The project site is in the SW 1/4 of Section 31, Township 26N, Range 06E (Figure 1 
[Vicinity Map]). 

Regulatory Requirements  
This report has been prepared to meet the requirements of Chapter 21.64 RZC and Chapter 21A.24 
KCC; however, this report will also facilitate review/compliance with applicable state and federal 
regulations. The following approvals are expected for this project: 

�x State Environmental Policy Act (SEPA) �t City 
�x Critical Areas Code compliance �t City and County 
�x Shoreline Substantial Development Permit �t City and County  
�x Shoreline Conditional Use Permit �t City and County  
�x Floodplain Development �t City and County 
�x Clearing and Grading and Building Permit approvals �t City and County 
�x Hydraulic Project Approval (HPA) �t WDFW 
�x Clean Water Act (Section 401) �t Ecology  
�x Clean Water Act (Section 404) �t USACE 
�x Endangered Species Act (ESA) consultation �t USACE in coordination with the National Marine 

Fisheries Service (NMFS) and U.S. Fish and Wildlife Service (USFWS) 
�x National Historic Preservation Act Section 106 consultation �t USACE in coordination with the 

Washington Department of Archaeology and Historic Preservation (DAHP) and area Tribes. 
�x Construction Stormwater General Permit (CSGP) �t Ecology 

Methods 

Background Review 
Prior to environmental field investigations, the following background information was reviewed: 
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�x Project area specific and surrounding area data and reports (various sources). 
�x Existing and historical aerial photography (Google Earth).  
�x Stream and wetland mapping (City, County, Ecology, WDFW, and USFWS).  
�x Shoreline designation mapping (City and County). 
�x Topography and LiDAR (City, County, DNR, U.S. Geological Survey (USGS), and the Puget Sound 

LiDAR Consortium).  
�x Floodplain mapping (City, County, and Federal Emergency Management Agency (FEMA)).  
�x Geologic hazards (DNR and City). 
�x Fish and wildlife occurrence data (WDFW, NMFS, and USFWS).  
�x Soils data (U.S. Department of Agriculture (USDA) National Resources Conservation Service 

(NRCS) Soil Conservation Service).  
�x Wells and soil boring data (City, Ecology, and Washington State Department of Health). 

Field Investigations  
Field investigations were completed by the RH2 team as follows: 

�x Wetland investigation/delineation and Bear Creek ordinary high water mark (OHWM) 
delineation was completed from September 11 to 13, 2019, by Ms. Alicia Pettibone and Ms. 
Jenny Sandifer of RH2. Results of these investigations are summarized herein. 

�x Stream and fish and wildlife habitat conservation areas (FWHCA) assessment was completed by 
Mr. Bill Mavros of 48 North on September 11, 2019. Results of these investigations are 
summarized herein. 

�x Geomorphic and habitat assessment was completed by Mr. Peter Brooks, Mr. Tyler Rockhill, 
and Ms. Annie Dufficy of NHC, and Mr. Bill Mavros of 48 North, on September 12, 2019. Results 
of these investigations are summarized in this report and within the Avondale Road Erosion �t 
Geomorphic and Habitat Assessment technical memorandum (NHC and 48 North, 2020) and the 
Avondale Road Erosion �t Existing Hydrologic and Hydraulic Conditions technical memorandum 
(NHC, 2020). Additionally, Mr. Brooks and Mr. Mavros completed low-flow LWD counts within 
the project reach in September 2020, which were used to guide subsequent design efforts. 

�x Initial geologic and geotechnical field assessment was completed by Mr. Steve Nelson, LHG, 
LEG, of RH2 on September 18, 2019, and Mr. Dan Burwell, PE, of RH2 on December 5, 2019. 
Results of these investigations are summarized in a separate report, 10000 Block of Avondale 
Road Geologic and Geotechnical Assessment Technical Memorandum (RH2, 2020). Additionally, 
soil borings were completed by Mr. Nelson in February 2021, summarized in an Addendum to 
the above Technical Memorandum (RH2, 2021). 

�x Ms. Pettibone completed additional site investigations in March 2021, the results of which were 
incorporated into the mitigation design. 

Methodology 
Methodology used to delineate and characterize wetlands, streams, and FWHCAs is as follows:  
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�x Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Western 
Mountains, Valleys, and Coast Region (Version 2.0) (USACE Publication ERDC/EL TR-10-3, 2010). 

�x Corps of Engineers Wetlands Delineation Manual (USACE Publication Y-87-1, 1987). 
�x Washington State Wetland Rating System for Western Washington: 2014 Update (Hruby, 

Ecology Publication 14-06-029, 2014). 
�x Wetland Functions Characterization Tool for Linear Projects (WSDOT Linear Method) (Null, W.S., 

Skinner, G., and Leonard, W., Washington State Department of Transportation (WSDOT), 2000). 
�x Classification of Wetlands and Deepwater Habitats of the United States (Cowardin, L., Carter, V., 

Golet, F., & LaRoe, E., USFWS Publication FWS/OBS-79/31, 1979). 
�x A Hydrogeomorphic Classification for Wetlands (Brinson, USACE Publication WRP-DE-4, 1993). 
�x Water Typing System (Washington Administrative Code (WAC) 222-16-030). 
�x Determining the Ordinary High Water Mark on Streams in Washington State (Anderson, P., 

Meyer, S., Olson, Dr. P., & Stockdale, E., Ecology Publication 16-06-029, 2016). 
�x Status and Trends Monitoring for Watershed Health and Salmon Recovery: Field Data Collection 

Protocol �t Wadeable Streams (Merritt, Ecology, 2009).  
�x City of Redmond Wildlife Habitat Plan (Adolfson Associates, Inc., (Adolfson), 2002). 
�x City of Redmond Critical Areas Regulations (Chapters 21.64 to 21.72 RZC and RZC Appendix 1). 
�x King County Critical Areas Regulations (Chapter 21A.24 KCC).  

Wetlands 
Wetland delineations followed the USACE Routine Determination Methods, Subsection 2 �t On-Site 
Inspection Necessary (USACE, 1987). Although the project site encompasses an area of less than 5 ac, 
field characterization utilized the approach for areas greater than 5 ac; that is, a baseline and transects 
were established for the site to guide delineation, as required in RZC Appendix 1 C.2.  

Prior to delineations, an approximately 415-foot baseline was established along the eastern boundary 
of the project site, followed by establishment of four transects (three transects were required for the 
less than 0.25-ac baseline length; however, a fourth transect was included to ensure all plant 
communities were captured). Representative observation points, hereafter referred to as test pits, 
were characterized within each vegetation community along each transect. Vegetation, hydrology, and 
soils were characterized for each test pit and data was recorded on Wetland Determination Data 
forms. Where positive wetland vegetation, hydrology, and soils indicators were identified in a test pit 
along a transect, additional exploratory probes and test pits were dug, and vegetation and hydrology 
patterns were assessed to determine the wetland boundary.  

Baseline and transects were marked and/or staked in the field with white and neon yellow flagging. 
Wetland test pits were staked, labeled, and flagged with neon pink flagging. Wetland boundaries were 
�(�o���P�P���������v�����o�������o�������Á�]�š�Z���v���}�v���‰�]�v�l���^�t���š�o���v���������o�]�v�����š�]�}�v�_���(�o���P�P�]�v�P�X 

The following information influenced and/or was considered during wetland delineations: 

�x The 3-month period prior to field work experienced wetter than typical rainfall conditions per 
calculations using NRCS National Water and Climate Center data and the Rainfall 
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Documentation Worksheet.  
�x Being within Bear Creek floodplain, the study area has a complex and varied hydrologic regime. 

Wetlands are generally anticipated to occur in the active Bear Creek floodplain. 
�x Stream restoration projects up- and downstream of the project site may influence wetland 

indicators.  
�x American beaver (Castor canadensis), muskrat (Ondatra zibethicus), and nutria (Myocastor 

coypus) are known or presumed to be present onsite, all of which affect riparian habitat and 
can influence wetland indicators. 

Where wetland boundaries were not readily evident, edges were determined through inference of the 
hydrologic regime using topography, vegetation, and soils characteristics, and interpretation of the 
influence of Bear Creek.  

Identified wetlands were classified using the City and County Critical Areas Regulations for Wetlands 
(RZC 21.64.030 and KCC 21A.�î�ð�X�ï�í�ô�����v�����î�í���X�î�ð�X�ï�î�ñ�U���Œ���•�‰�����š�]�À���o�Ç�•�X���d�Z���•�����Œ���P�µ�o���š�]�}�v�•�������(���Œ���š�}�������}�o�}�P�Ç�[�•��
Western Washington Rating System; therefore, wetlands were rated using the Ecology system and 
classified as Category I through IV based on this rapid functional assessment. A functional assessment 
for all identified wetlands also was completed using the WSDOT Linear Method (Null et al., 2000). 

Streams  
Streams were typed according to the City and County Critical Areas Regulations (RZC 21.64.020 and 
KCC 21A.24.355 and 21A.24.358, respectively), both of which support the Washington State Water 
Typing System, WAC 222-16-030. The stream types described in this report are based on the stream 
reaches within the study area; downstream reaches may be rated higher. 

OHWM delineations were completed using Ecology guidance (Anderson, et al., 2016) and the 
definitions in WAC 173-22-030. �����}�o�}�P�Ç�[�•��OHWM guidance presumes there are three physical criteria 
within the OHWM definition that apply to all shoreline types: �^�W�Œ���•���v���������v���������š�]�}�v���}�(��waters�Y���u���Œ�ls 
upon the soil�Y���]�v���Œ���•�‰�����š���š�}��vegetation�Y�����]�•�š�]�v���š���(�Œ�}�u �š�Z���š���}�(���š�Z���������µ�š�š�]�v�P���µ�‰�o���v���Y�_�������}�o�}�P�Ç���•�š���š���•��
the OHWM is the dynamic boundary between the aquatic and terrestrial environments and, in most 
cases, is not a static elevation. Regular (ordinary) inundation produces visible abiotic (change in 
topography or substrate) and biotic (change in vegetation) signs on the landscape. In those cases 
where an OHWM determination is required, the Ecology guidance recommends a systematic 
approach that involves reviewing available information prior to a site visit (desktop study), visiting the 
site to locate the OHWM based on field indicators (field assessment), and clearly documenting the 
methods used and results of the investigation. Review of available information (e.g., aerial 
photographs, LiDAR, and gage data) is always recommended by Ecology prior to a site visit to have a 
clearer understanding of site conditions and to make the field assessment more efficient. 

Desktop Study 

Resources, including gage data and aerial photographs, can corroborate field findings but are only 
tools to help focus the on-site field evaluation of geomorphic and vegetative indicators. An 
assessment of hydrologic data also can improve the effectiveness of the field assessment because this 
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data can be used to develop an understanding of the timing and elevation of high water that creates 
the mark on the soil with respect to vegetation.  

A desktop hydrologic assessment was conducted by NHC prior to site visits using flow estimates and 
HEC-�Z���^���u�}�����o�������š�����(�Œ�}�u���š�Z�������}�µ�v�š�Ç�[�•�����}�Ç�o�����Z���•�š�}�Œ���š�]�}�v���‰�Œ�}�i�����š�X���������Œ�����Œ�����l���•�š�Œ�����u��flows simulated 
using a Hydrologic Simulation Program �t FORTRAN (HSPF) hydrologic model developed for King County 
(NHC, 2019) were used to help narrow the range of expected OHWM flows.  

The 2-year peak flow, or 50 percent probability flood, is more frequently cited as the upper limit of the 
OHWM (Anderson, et al., 2016). In Washington, the 2-year peak flow recurrence interval (or the peak 
flow that has a 50 percent probability of occurring in any given year; also called � m̂edian peak flow�_ or 
� 5̂0 percent probability peak flow�_) provides a reliable upper limit of the OHWM flow range. The 
���}�µ�v�š�Ç�[�•���î-year peak flow estimate from the Doyle Restoration project HEC-RES model was 375 cubic 
feet per second (cfs). At this flow interval, inundation mapping covers most of the floodplain. �E�,���[�•��
preliminary frequency estimate based on hydrologic modeling resulted in a higher 2-year peak flow of 
535 cfs1, which corresponds to about 64 feet elevation. Based on the RH2 team�[s prior site 
investigations and Bear Creek system knowledge, the OHWM was anticipated to correlate with annual 
peak flow events and vegetation breaks more closely. Therefore, the 2-year recurrence flows were 
considered high for the OHWM and was used as the upper limit for the OHWM during field visits.   

NHC also mapped the inundation extents of a 1.01-year peak flow, or 99 percent probability flood. This 
return interval was used to evaluate the lower limit of the OHWM during on-site investigations. NHC 
determined a preliminary 1.01-year peak flow estimate of 123 cfs, which corresponds to about 61 feet 
elevation.  

NHC evaluated exceedances for the estimated 1.01-year and 2-year flows in the Avondale project 
reach using the HSPF-simulated flow record. The data showed that the 1.01-year flow was exceeded in 
50 distinct events in 2016 and 2017 (4 events exceeded the 2-year flow during this same period). In the 
five 2-year periods prior to that, the 1.01-year flow was exceeded in between 25 and 35 events, and 
the 2-year flow in 1 to 3 events, indicating that the 2016 to 2017 period may have represented an 
anomalously high discharge period. County gage data from station 02R, downstream near Friendly 
Village, showed that the 1.01-year flow (estimated at 160 cfs at the gage location) was exceeded in 
37 events in 2016 and 2017 and 21 events in 2018 and 2019. The 2-year flow (550 cfs at the gage) was 
exceeded in 3 events in 2016 and 2017 and 1 event in 2018 and 2019. The flow exceedance results 
further support the use of the 1.01-year flows guiding the lower OHWM limits and the 2-year flows 
guiding the upper OHWM limits in the project reach.    

Field Delineation Methodology 

The OHWM is not a static line or elevation and may change over time due to natural events or 
permitted anthropogenic actions. OHWM determinations for waterways rely on the use of geomorphic 

 

 
1 Following the preliminary hydrologic modeling, NHC refined its flow estimate for Bear Creek near 10000 Avondale Road to 
470 cfs (Memorandum RE: Task Order #19-01 Bear Creek Floodplain Analysis Phase 2, prepared November 18, 2019, by NHC 
for City of Redmond). 
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and vegetative field indicators, and the Ecology protocol requires that the OHWM be based on the 
physical and biological indicators present on the site. Some of these key OHWM indicators include 
differences in soils above and below the OHWM, presence or absence of wetland or hydrophytic 
vegetation, aerial photos, and records of water levels (Anderson, et al. 2016). Geomorphic and 
vegetative field indicators were used to determine the OHWM on the banks of Bear Creek. The 
following key physical and biological indicators and channel features were used to delineate the 
OHWM: 

�x A change in prevalent vegetation (especially the lower limit of perennial species and upper limit 
of inundation-tolerant shrub or tree species).  

�x The presence or absence of wetlands and hydrophytic (inundation or high-flow tolerant) 
vegetation. 

�x A change in geomorphic indicators, such as slope or topographic breaks, along the stream 
banks. 

�x A change in soils and/or a change in the particle size of bank material, such as the boundary 
between coarse cobble or gravel with fine grained sand or silt. 

�x Undercuts in the bank, which usually reach interior elevation slightly below the bankfull stage. 

RH2 delineated the OHWM on both banks of Bear Creek, starting from the upstream project extents, 
�š�Z�����•�}�µ�š�Z���Œ�v�����}�µ�v�����Œ�Ç���}�(���š�Z�������}�µ�v�š�Ç�[�•���>�����E����Habitat Enhancement project, and downstream to the 
���}�µ�v�š�Ç�[�•�����}�Ç�o�����Z���•�š�}�Œ���š�]�}�v���‰�Œ�}�i�����š�X���E���}�v���}�Œ���v�P�������v�����Á�Z�]�š�����•�š�Œ�]�‰�����(�o���P�P�]�v�P���Á���•���o�������o���������v�����‰�o����������
along the OHWM boundary onsite. Additionally, RH2 flagged and labeled side- and backwater channels 
in the project reach with orange and white polka dot flagging. The OHWM and off-channel features 
were surveyed by Axis for inclusion in the base map.  

Fish and Wildlife Habitat Conservation Areas 
The City requires preparation of a Fish and Wildlife Report, including a Habitat Assessment that 
characterizes the different habitats on the site (Title 21 RZC, Appendix 1).  

Fish and wildlife habitat surveys were conducted by the RH2 team using the methods and guidance 
outlined in the City of Redmond Wildlife Habitat Plan (Adolfson, 2002), the City�[�•���������U��and �����}�o�}�P�Ç�[�•��
Field Data Collection Protocols �t Wadeable Streams (Merritt, Ecology, 2009). The DNR Natural Heritage 
database, WDFW Priority Habitats and Species (PHS) database, the USFWS Information for Planning 
and Consultation (IPaC) database�U���š�Z�������]�š�Ç�[�•���W�Œ�]�}�Œ�]�š�Ç���^�‰�����]���•���^�>�]�•�š�_�����}�v�š���]�v�������]�v���Z�•�����î�í�X�ò�ð�X�ì�î�ì�U�����v�����š�Z����
���}�µ�v�š�Ç�[�•���>�]�•�š���}�(���W�Œ�}�š�����š�������^�‰�����]���•���~���}�µ�v�š�Ç�U���î�ì�ì�õ�• were consulted to determine which priority species 
(e.g., threatened, endangered, candidate, species of concern, and species of local importance) might 
be found on or adjacent to the project site based on the native range and habitat requirements of each 
species.  

Two certified biologists traversed the project site and adjacent areas and conducted visual 
observations using stationery and walking survey methods for both aquatic and upland habitats. All 
habitat features, signs, or observations of fish and wildlife activity were documented. The existing 
habitat units present on the project site were determined based on hydrologic characteristics (e.g., 
wetland, stream, upland), vegetation communities, and current land use. Vegetation communities 
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were recorded onsite for subsequent mapping. Habitat unit descriptions and maps are provided 
herein.  

Results  

Existing Environmental Data 
The National Wetland Inventory (NWI) data shows a palustrine forested/shrub wetland spanning the 
southern portion of the project area. City wetland mapping data indicates the Bear Creek floodplain is 
a mixture of upland and wetland habitat. County wetland mapping data does not depict any wetlands 
in the project reach; however, a County wetland delineation completed for the Doyle Restoration 
project revealed ���������š���P�}�Œ�Ç���/�s���Œ�]�À���Œ�]�v�����Á���š�o���v�����}�v���š�Z�����o���(�š�������v�l���}�(���������Œ�����Œ�����l���Á�]�š�Z�]�v���š�Z���š���‰�Œ�}�i�����š�[�•��
footprint (Bowles, 2016), which defines the southern limits of the project described herein. 

DN�Z�[�•���&�}�Œ���•�š���W�Œ�����š�]�����•�����‰�‰�o�]�����š�]�}�v�����v�����D���‰�‰�]�v�P���d�}�}�o and County data show Bear Creek is designated a 
Type S water, or Shoreline of the State. �d�Z�������]�š�Ç�[�•���•�š�Œ�����u�����v�����&�t�,�������D���‰�������‰�]���š�•���������Œ�����Œ�����l�����•������
Class I stream and Class I stream and buffer area (constituting a core preservation area, i.e., FWHCA), 
�Œ���•�‰�����š�]�À���o�Ç�X���d�Z�������]�š�Ç�[�•�����o���•�•���/�������•�]�P�v���š�]�}�v���]�•���•�Ç�v�}�v�Ç�u�}�µ�•���Á�]�š�Z��the State and County Type S water; that 
is, both reflect that Bear Creek is regulated as a Shoreline of the State. �d�Z�������}�µ�v�š�Ç�[�•���•�Z�}�Œ���o�]�v����
designation of Bear Creek at the project site is Conservancy, ���v�����š�Z�������]�š�Ç�[�•�������•�]�P�v���š�]�}�v���]�•���E���š�µ�Œ���o�X 

City and County Critical Areas Maps indicate the project site is within a Category I Critical Aquifer 
Recharge Area (CARA).  

The project reach is within an area designated as a Seismic Hazard Area by the City and County. No 
other geohazards are identified for the project area. 

The Bear Creek riparian corridor is within both the FEMA floodway and 100-year floodplain, according 
to City, County, and FEMA maps.  

According to NRCS Soil Survey data, the eastern portion of the study area is underlain by the Briscot silt 
loam soil map unit, which is primarily comprised of a somewhat poorly drained silt loam atop stratified 
fine sand to silt loam. It is formed on floodplains and is considered a hydric soil. The western portion of 
the study area is underlain by the Kitsap silt loam, 2 to 8 percent slopes, soil map unit. The Kitsap silt 
loam is typically underlain by a silty clay loam that forms on terraces.  

The USFWS IPaC database suggests the following species of conservation concern may utilize the site: 
gray wolf (Canis lupis); North American wolverine (Gulo gulo luscus); marbled murrelet 
(Brachyramphus marmoratus); streaked horned lark (Eremophilia alpestris strigata); yellow-billed 
cuckoo (Coccyzus americanus); and bull trout (Salvelinus confluentus). Apart from bull trout, the 
project site does not provide suitable habitat for these species. Bull trout are listed as threatened 
species by the USFWS under the ESA; however, Bear Creek does not support or provide critical habitat 
for this species (Berge, H.B., Hammer, M.L., & Foley, S.R., 2006). 

The DNR Natural Heritage Program databases have no listings for rare or imperiled species and plant 
communities in the vicinity of the site (DNR, 2021).  
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The WDFW PHS database lists Bear Creek as a priority habitat, but no terrestrial habitats or terrestrial 
species are mapped within the vicinity of the site (WDFW, 2021). PHS data indicates the site provides 
habitat for the following PHS-listed species: coho salmon (Oncorhynchus kisutch); Chinook salmon 
(O. tshawytscha); sockeye and kokanee salmon (O. nerka); steelhead trout (O. mykiss); and cutthroat 
trout (O. clarkii). The Statewide Integrated Fisheries Distribution (SWIFD) database confirms these 
species listings (Northwest Indian Fisheries Commission, 2021). The NMFS lists Puget Sound Chinook 
and Puget Sound steelhead as threatened species under the ESA; however, Bear Creek does not 
provide critical habitat for either species.  

Relevant background data and maps are contained in Appendix D. 

General Site Conditions 
The project area encompasses a portion of the Bear Creek floodplain and the Avondale Road roadway 
embankment, within a moderately developed area that straddles the Redmond City limits and 
unincorporated King County. The Bear Creek riparian corridor is relatively intact, supporting a 
combination of native upland forest habitat and a riparian vegetation community typical of the Puget 
lowlands. Much of the land in the project vicinity is developed and in residential uses. The portion of 
the project site in County ownership is part of the LBCNA, an 18-acre riparian and forested natural area 
just east of Avondale Road NE. 

The area surrounding the project is somewhat flat with sloping terrain descending from the west and 
east. The steepest slopes are associated with the cut and fill slope of the Avondale Road embankment, 
which has a maximum slope of approximately 50 percent. Naturally developed slopes of up to 
40 percent have formed along the upland forest that borders the Bear Creek floodplain to the east.  

Up- and downstream of the project reach, the County completed the LBCNA Habitat Enhancement and 
Doyle Restoration projects, respectively. Consequently, LWD and native tree and shrub restoration 
plantings are present in these areas. Since the Doyle Restoration project was completed in 2017, the 
disturbance in the floodplain associated with this restoration work is more prevalent downstream of 
the project reach.  

Critical areas observed during site investigations include Bear Creek, the larger FWHCA associated with 
the Bear Creek riparian corridor (i.e., a City core preservation area), the Bear Creek floodplain, and five 
riverine wetlands within the Bear Creek floodplain. Seismic hazard areas and CARAs are critical areas 
designated at the project site; these are addressed in this report and within the Geologic and 
Geotechnical Assessment Technical Memorandum (RH2, 2020).  

Wetlands 

Vegetation 
The primary vegetation communities within the study area include five riverine wetlands, the Bear 
Creek floodplain, and the neighboring upland forest. The vegetation within the study area is a 
combination of native and invasive plant species. The vegetation composition of each wetland is 
described in the individual wetland summaries that follow.  
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The composition of the vegetation community within the active floodplain of Bear Creek is not strongly 
indicative of wetland predominance. That is, there is a prevalence of facultative wetland (FACW)2 
species throughout this area. However, the identified wetlands contain higher abundances of obligate 
(OBL) wetland plants such as small-fruited bulrush (Scirpus microcarpus), rice cutgrass (Leersia 
oryzoides), and watercress (Nasturtium officinale). 

The emergent vegetation strata within the wetland and floodplain areas are dominated by reed 
canarygrass (Phalaris arundinacea) and spotted jewelweed (Impatiens capensis). The emergent 
vegetation stratum is the most widespread and representative layer within the wetland plant 
community. Within the wetland and floodplain plant communities, the scrub-shrub vegetation classes 
are dominated by Pacific ninebark (Physocarpus capitatus), and forested vegetation classes are 
dominated by red alder (Alnus rubra).  

The floodplain community also is composed of more weedy species that are less adapted to inundated 
soil conditions, such as tansy ragwort (Jacobaea vulgaris), bohemian knotweed (Polygonum 
×bohemicum), and Himalayan blackberry (Rubus armeniacus). Red alder, black cottonwood (Populus 
balsamifera), and willows (Salix spp.) also are present within the floodplain community. 

The adjacent upland forest located upslope of the stream corridor is dominated by Douglas fir 
(Pseudotsuga menziesii), Western red cedar (Thuja plicata), and sword fern (Polystichum minutum). 
Beaked hazelnut (Corylus cornuta), Indian plum (Oemleria cerasiformis), big-leaf maple (Acer 
macrophyllum), and trailing blackberry (Rubus ursinus) also are widespread throughout the upland 
forest area. 

Native shrub and tree restoration plantings are present on the streambanks both north and south of 
the project area, and within side channels constructed as part of the Doyle Restoration project. These 
species include black cottonwood, salmonberry (Rubus spectabilis), Sitka willow (Salix sitchensis), 
Pacific ninebark, and Nootka rose (Rosa nutkana), among other native shrubs and trees. 

 

 
2 The USACE maintains a National Wetland Plant List (NWPL) categorizing common hydrophytic plant species based on their 
affinity for and probability of occurrence within wetlands. The following categories are used: 

Indicator Status Abbreviation Definitions �t Short Version 
Obligate OBL Almost always occurs in wetlands 

Facultative Wetland FACW Usually occurs in wetlands, but may occur in non-wetlands 
Facultative FAC Occurs in wetlands and non-wetlands 

Facultative Upland FACU Usually occurs in non-wetlands, but may occur in wetlands 
Upland UPL Almost never occurs in wetlands 

Table obtained from USACE. 2016. National Wetland Plant List, Version 3.3. Retrieved from http://wetland -
plants.usace.army.mil/. USACE Engineer Research and Development Center, Cold Regions Research and 
Engineering Laboratory. Hanover, NH. 

RH2 utilized the most current NWPL during delineations, excerpted for Washington State: Lichvar, R.W., Banks, D.L., 
Kirchner, W.N, & Melvin, N.C. (2016). The National Wetland Plant List: 2016 Wetland Ratings. Phytoneuron 2016-30: 1-17. 
Published 28 April 2016. ISSN 2153 733X. It should be noted that more recent versions of the NWPL have been published, 
including 2018 and 2020 versions; however, the most current NWPL was used at the time of RH2 delineations.  
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Hydrology 
Hydrology in the study area originates primarily from surface water flow associated with Bear Creek, 
with contributions from groundwater flows and precipitation. The project is within the Bear Creek 
sub-basin of the Cedar-Sammamish watershed, where water is conveyed generally southwest towards 
the Sammamish River. The headwaters of Bear Creek originate near Paradise Lake, approximately 
7.5 RM upstream of the project site, and confluences with the Sammamish River approximately 
3.25 RM southwest of the project site. Bear Creek flows beneath Novelty Hill Road via a 6-foot-wide 
corrugated metal pipe (CMP) culvert just south of the project reach.  

���µ�Œ�]�v�P���Z�,�î�[�•���Á���š�o���v���������o�]�v�����š�]�}�v�•�U���š�Z�����u�}�•�š�����}�u�u�}�v�o�Ç���}���•���Œ�À������primary hydrology indicator was 
Saturation (A3). Water-Stained Leaves (B9), Sediment Deposits (B2), Sparsely Vegetated Concave 
Surface (B8), Dry Season Water Table (C2), FAC-Neutral Test (D5), and Geomorphic Position (D2) were 
secondary indicators observed at test pit locations.  

Soils 
Test pits within the study area primarily displayed silt loam to sandy loam textures, coinciding with 
those described in both the Briscot and Kitsap silt loam soil units. Further supporting the Briscot soil 
unit, sand deposits were observed in soil profiles of test pits in the floodplain, which is indicative of 
historic and active channel migration. Test pits dug within wetlands contained soils that met Depleted 
Below Dark Surface (A11), Depleted Matrix (F3), and Redox Dark Surface (F6) hydric soil indicators. 
Wetland soils exhibited anaerobic conditions through the presence of redoximorphic concentrations as 
soft masses or along pore linings contrasted with a reduced matrix. Redoximorphic features observed 
in test pits were usually categorized as common (2 to 20 percent), medium sized (2 to 5 millimeters), 
and prominent in contrast to the matrix. Upland soils tended to be very dark grayish brown (10YR 3/2), 
with either no redoximorphic features or redoximorphic features beginning below a depth of 8 inches. 

Wetland Habitat 
Five wetlands were identified and delineated in the project site (site investigation data and maps are in 
Appendix E). Tables 1 and 2 provide a summary of wetlands observed on the site, project impacts and 
mitigation, and classification, respectively. Figure 2 depicts wetlands delineated on the project site. 
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Table 1. Wetland Summary 

Wetland Summary 
Buffer 

Summary 
Jurisdiction Wetland Impacts Mitigation Summary 

Name Category Size 
(sf) 

Per 
KCC1 

Per 
RZC2 

City or 
County 

Temporary 
Impact Fill Paper 

Fill Ratio Area Location 

A II 5,631 

75 150 

County3 - - - - - - 
B III 750 County3 - - - - - - 
C III 1,607 County - - - - - - 
D III 1,113 County3 - - - - - - 
E III 379 County3 - - -  - - 

1 Per Chapter 21A.24.325 KCC. Buffer width reflects low intensity impact of adjacent land use; Proposed improvements do not involve a 
change in land use and buffer activities are limited to clearing, grading, and enhancement of buffer habitat. 
2 Per RZC 21.64.030.B, Table 21.64.030A.1 (reflects standard buffer widths). 
3 Wetland buffers for Wetlands A, B, D, and E extend into the Avondale Road ROW and lands southwest of the project footprint (on 
the Fairwinds property), which are within City jurisdiction. 

Table 2. Classification Overview of Delineated Wetlands on the Project Site 

Wetland Name Size in sf (ac) 
Cowardin 

Classification Code1 
Hydrogeomorphic 

Class2, Subclass 
Category Habitat Score3 

Wetland A 5,631 (0.13) PEM1/FO1C 

RIVERINE,  
Flow-Through 

II 7 

Wetland B 750 (0.01) PEM1C 

III 

6 
Wetland C 1,607 (0.03) PSS1C 6 
Wetland D 1,113 (0.02) PEM1C 6 
Wetland E 379 (0.01) PEM1C 6 

1 Cowardin classification includes subclass and water regime modifiers. 
2 Hydrogeomorphic classification based on Brinson (1996) used in the Ecology rating. 
3 Habitat score is based on ratings completed by RH2 and summarized in this report. 

Wetland A 

Wetland A is an approximately 6,000 square foot (sf) Category II wetland spanning most of a vegetated 
point bar within the Bear Creek floodplain. The hydrogeomorphic classification used for categorization 
is riverine, as it receives overbank flooding from Bear Creek at least every 2 years. Approximately 
4,400 sf of Wetland A is located within the study area, and the remaining portion is located offsite to 
the north.  

Wetland A is dominated by persistent emergent and broad-leaf deciduous forested vegetation classes 
(Cowardin, et al., 1979). The �Á���š�o���v���[�•��forested areas contain red alder and Sitka spruce (Picea 
sitchensis), a scrub-shrub class of Pacific ninebark, and an emergent class dominated by spotted 
jewelweed, small-fruited bulrush, and reed canarygrass.   

Wetland A is within the Briscot silt loam soil map unit. The observed soil textures were sandy loam and 
loam. The soil matrix color was very dark grayish brown (10YR 3/2) in the upper layer and was dark 
gray (10YR 4/1 and 2.5Y 4/1) starting between 8 and 12 inches from the surface. Prominent 
redoximorphic concentrations were observed in the matrix and along pore linings. The hydric soil 
indicator Depleted Below Dark Surface (A11) was met. 
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The hydroperiod for Wetland A is seasonally flooded. The primary sources of hydrology are high water 
table and overbank flooding from Bear Creek, as evidenced by the observed Sediment Deposits (B2) 
hydrology indicator. Additionally, a floodplain channel originating within a headwater wetland 
upstream and to the northeast of the project reach, flows through and along the eastern boundary of 
Wetland A. Primary hydrology indicators Water-Stained Leaves (B9) and Sparsely Vegetated Concave 
Surface (B8), and secondary hydrology indicators Dry Season Water Table (C2), Geomorphic Position 
(D2), and FAC-Neutral Test (D5) also were observed in Wetland A. All wetland test pits met primary 
hydrology indicators. Table 3 provides a summary of Wetland A. 

Table 3. Wetland A Overview 

Wetland Evaluation Summary 

Wetland Name Wetland A 
 
 
 
 Location 

Straddling northern 
boundary of study 
area  

Local Jurisdiction King County 

WRIA 
8 
^��Cedar-
Sammamish 

Sub-Watershed Bear Creek 

Ecology Rating (Hruby, 2014) Category II 

City/County Rating Category II 

Habitat Score 7 

City/County Buffer Width 150/75 feet 

Wetland Size 5,631 sf 

Cowardin Classification PEM1/FO1C 
HGM Classification Riverine 

Associated Waterbody Bear Creek 

Data Sheet(s) TP 7, TP 8 

Boundary Flag Color �W�]�v�l���^�t���d�>���E���������>�/�E�����d�/�K�E�_���(�o���P�P�]�v�P 

Dominant Vegetation Red alder, spotted jewelweed, and reed canarygrass 

Soils 
Briscot silt loam soil map unit. Depleted Below Dark Surface (A11) indicator 
was met. 

Hydrology 
Primary indicators: Sediment Deposits (B2), Water-Stained Leaves (B9), and 
Sparsely Vegetated Concave Surface (B8). Secondary indicators: Dry Season 
Water Table (C2), Geomorphic Position (D2), and FAC-Neutral Test (D5). 

Rationale for Delineation Positive vegetation, soil, and hydrology indicators. 

Rationale for Local Rating Ecology wetland rating results cross-referenced with KCC 21A.24.325.  
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Wetland B 

Wetland B is an approximately 750 sf Category III wetland located along the left bank of Bear Creek. 
The hydrogeomorphic classification used for categorization is riverine, as it receives overbank flooding 
from Bear Creek at least every 2 years. The delineated edge corresponds with the boundary of a 
wetland previously delineated by the County for the Doyle Restoration project (Bowles, 2016).  

Wetland B is dominated by a persistent emergent vegetation class (Cowardin, et al., 1979), primarily 
consisting of reed canarygrass. However, Western dock (Rumex occidentalis), barnyard grass 
(Echinochloa crus-galli), rice cutgrass, and small-fruited bulrush also are present.   

Wetland B is within the Kitsap silt loam, 2 to 8 percent slopes, soil map unit. The observed soil textures 
were silt loam and loam, and the soil matrix color was very dark grayish brown (10YR 3/2) in the upper 
5 inches, dark gray (10Y 4/1) from 5 to 14 inches, and gleyed dark gray (N 4/) from 14 to 18 inches. 
Prominent medium redoximorphic concentrations were observed in the matrix. The hydric soil 
indicators Depleted Below Dark Surface (A11) and Depleted Matrix (F3) were met. 

The hydroperiod for Wetland B is seasonally flooded. The primary sources of hydrology are high water 
table and overbank flooding from Bear Creek, as evidenced by the observed Sediment Deposits (B2) 
and Saturation (A3) hydrology indicators. Secondary hydrology indicators Dry Season Water Table (C2) 
and FAC-Neutral Test (D5) also were met. Table 4 provides a summary of Wetland B. 
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Table 4. Wetland B Overview 

Wetland Evaluation Summary 

Wetland Name Wetland B   
 
 
 
 

Location 
On Bear Creek 
streambank 

Local Jurisdiction King County 

WRIA 8 
^��Cedar-Sammamish 

Sub-Watershed Bear Creek 

Ecology Rating (Hruby, 2014) Category III 

City/County Rating Category III 

Habitat Score 6 

City/County Buffer Width 150/75 feet 

Wetland Size 750 sf 

Cowardin Classification PEM1C 

HGM Classification Riverine 

Associated Waterbody Bear Creek 

Data Sheet(s) TP 11 

Boundary Flag Color �W�]�v�l���^�t���d�>���E���������>�/�E�����d�/�K�E�_���(�o���P�P�]�v�P 

Dominant Vegetation Reed canarygrass 

Soils 
Kitsap silt loam 2 to 8 percent slopes soil map unit. Depleted Below Dark 
Surface (A11) and Depleted Matrix (F3) were met. 

Hydrology 
Primary indicators: Sediment Deposits (B2) and Saturation (A3). Secondary 
indicators: Dry Season Water Table (C2) and FAC-Neutral Test (D5). 

Rationale for Delineation Positive vegetation, soil, and hydrology indicators. 

Rationale for Local Rating Ecology wetland rating results cross-referenced with KCC 21A.24.325. 

Wetland C 

Wetland C is an approximately 1,600 sf Category III wetland within the floodplain and includes a 
backwater pool that is formed by an eddy when Bear Creek experiences high flows. The 
hydrogeomorphic classification used for categorization is riverine, as it receives overbank flooding from 
Bear Creek at least every 2 years.  

Wetland C is dominated by a scrub-shrub vegetation class (Cowardin, et al., 1979), primarily composed 
of Pacific ninebark. Diverse herbaceous vegetation observed in the understory of Wetland C included 
spotted jewelweed, creeping buttercup (Ranunculus repens), blue skullcap (Scutellaria laterifolia), tall 
mannagrass (Glyceria elata), and American speedwell (Veronica americana). Invasive plant species are 
also present, including reed canarygrass and field bindweed (Convolvulus arvensis).    

Wetland C is within the Briscot silt loam, and the observed soil texture was silt loam. The soil matrix 
color was very dark grayish brown (10YR 3/2) in the upper layer and was very dark gray (10YR 3/1) 
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from 6 to 16 inches from the surface. Prominent medium redoximorphic concentrations were observed 
in the matrix and along pore linings. The hydric soil indicator Redox Dark Surface (F6) was met. 

The hydroperiod for Wetland C is seasonally flooded. Primary sources of hydrology are high water 
table and overbank flooding. Primary hydrology indicator, Saturation (A3), and secondary hydrology 
indicator, FAC-Neutral Test (D5), were observed. Table 5 provides a summary of Wetland C. 

Table 5. Wetland C Overview 

Wetland Evaluation Summary 

Wetland Name  Wetland C  
 
 
 

Location 
Adjacent to upland 
forest, along Bear 
Creek 

Local Jurisdiction King County 

WRIA 
8 
^��Cedar-
Sammamish 

Sub-Watershed Bear Creek 

Ecology Rating (Hruby, 2014) Category III 

City/County Rating Category III 

Habitat Score 6 

City/County Buffer Width 150/75 feet 

Wetland Size 1,607 sf 
Cowardin Classification PSS1C 

HGM Classification Riverine 

Associated Waterbody Bear Creek 

Data Sheet(s) TP 14 

Boundary Flag Color �W�]�v�l���^�t���d�>���E���������>�/�E�����d�/�K�E�_���(�o���P�P�]�v�P 

Dominant Vegetation Pacific ninebark and spotted jewelweed 

Soils Briscot silt loam soil map unit. Redox Dark Surface (A6) indicator was met. 

Hydrology 
Primary indicator: Saturation (A3). Secondary indicator: FAC-Neutral Test 
(D5). 

Rationale for Delineation Positive vegetation, soil, and hydrology indicators. 

Rationale for Local Rating Ecology wetland rating results cross-referenced with KCC 21A.24.325. 

Wetland D 

Wetland D is similar in nature to Wetland B and is an approximately 1,100 sf Category III wetland 
located along the left bank of a point bar on Bear Creek. The hydrogeomorphic classification used for 
categorization is riverine, as it receives overbank flooding from Bear Creek at least every 2 years.  
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Wetland D is dominated by an emergent vegetation class (Cowardin, et al., 1979), primarily consisting 
of reed canarygrass. Spotted jewelweed, small-fruited bulrush, and yellow-flag iris (Iris pseudacorus) 
also are present. 

Wetland D is within the Kitsap silt loam, 2 to 8 percent slopes, soil map unit. The observed soil textures 
were silt loam, and the soil matrix color was very dark grayish brown (10YR 3/2) in the upper 6 inches 
and very dark gray (10YR 3/1) from 6 to 16 inches. Prominent medium redoximorphic soft mass 
concentrations and sand inclusions were observed in the matrix, and redox concentrations were 
observed along pore linings. The hydric soil indicator Redox Dark Surface (F6) was met. 

The hydroperiod for Wetland D is seasonally flooded. Primary sources of hydrology are high water 
table and overbank flooding from Bear Creek, as evidenced by flattened vegetation observed and 
Sediment Deposits (B2) and Saturation (A3) hydrology indicators. Secondary hydrology indicators Dry 
Season Water Table (C2) and FAC-Neutral Test (D5) also were met. Table 6 provides a summary of 
Wetland D. 

Table 6. Wetland D Overview 

Wetland Evaluation Summary 

Wetland Name Wetland D   
 
 
 

Location 
On Bear Creek 
streambank 

Local Jurisdiction King County 

WRIA 
8 
^��Cedar-
Sammamish 

Sub-Watershed Bear Creek 

Ecology Rating (Hruby, 2014) Category III 

City/County Rating Category III 

Habitat Score 6 

City/County Buffer Width 150/75 feet 

Wetland Size 1,113 sf 
Cowardin Classification PEM1C 

HGM Classification Riverine 

Associated Waterbody Bear Creek 

Data Sheet(s) TP 17 

Boundary Flag Color Pink �^�t���d�>���E���������>�/�E�����d�/�K�E�_���(�o���P�P�]�v�P 

Dominant Vegetation Reed canarygrass and small-fruited bulrush 

Soils 
Kitsap silt loam 2 to 8 percent slopes soil map unit. Redox Dark Surface (F6) 
indicator was met. 

Hydrology 
Primary indicators: Sediment Deposits (B2) and Saturation (A3). Secondary 
indicators: Dry Season Water Table (C2) and FAC-Neutral Test (D5). 

Rationale for Delineation Positive vegetation, soil, and hydrology indicators. 

Rationale for Local Rating Ecology wetland rating results cross-referenced with KCC 21A.24.325. 
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Wetland E 

Wetland E is an approximately 500 sf Category III wetland located along the right bank of Bear Creek. 
Approximately 230 sf of Wetland E is located within the study area, and the remaining portion extends 
offsite to the north. The hydrogeomorphic classification used for categorization is riverine, as it 
receives overbank flooding from Bear Creek at least every 2 years.  

Wetland E is dominated by an emergent vegetation class (Cowardin, et al., 1979), primarily consisting 
of reed canarygrass, although rice cutgrass, watercress, American speedwell, and small-fruited bulrush 
also are present. 

Wetland E is within the Kitsap silt loam, 2 to 8 percent slopes, soil map unit. Because wetland 
vegetation and wetland hydrology indicators were present within Wetland E, soil test pits were not 
excavated to determine the wetland boundary.3 Furthermore, hydric soil indicator Hydrogen Sulfide 
(A4) was present during site investigations. Since Wetland E has similar parent materials, age, 
topography, hydrologic regime, and vegetation composition of Wetlands A through D, the soil 
characteristics of Wetland E are anticipated to be like those documented in Wetlands A through D. 

The hydroperiod for Wetland E is seasonally flooded. Primary sources of hydrology are high water table 
and overbank flooding from Bear Creek, as evidenced by observed flattened vegetation and positive 
Sediment Deposits (B2) and Surface Water (A1) hydrology indicators. Hydrogen Sulfide Odor (C1) also 
was present in Wetland E. Table 7 provides a summary of Wetland E. 

 

 
3 Per USACE routine determination protocol, the positive presence of FACW and OBL hydrophytic vegetation and wetland 
hydrology indicators results in affirmative wetland conditions and precludes the need for hydric soil test pit assessment. 
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Table 7. Wetland E Overview 

Wetland Evaluation Summary 

Wetland Name Wetland E  
 
 
 

Location 
On Bear Creek 
streambank 

Local Jurisdiction King County 

WRIA 8 
^��Cedar-Sammamish 

Sub-Watershed Bear Creek 

Ecology Rating (Hruby, 2014) Category III 

City/County Rating Category III 

Habitat Score 6 

City/County Buffer Width 150/75 feet 

Wetland Size 379 sf 
Cowardin Classification PEM1C 

HGM Classification Riverine 

Associated Waterbody Bear Creek 

Data Sheet(s) --- 

Boundary Flag Color �W�]�v�l���^�t���d�>���E���������>�/�E�����d�/�K�E�_���(�o���P�P�]�v�P 

Dominant Vegetation Reed canarygrass, small-fruited bulrush, and watercress 

Soils 
Kitsap silt loam 2 to 8 percent slopes soil map unit. Redox Dark Surface (F6) 
indicator was met. 

Hydrology 
Primary indicators: Sediment Deposits (B2) and Saturation (A3). Secondary 
indicators: Dry Season Water Table (C2) and FAC-Neutral Test (D5). 

Rationale for Delineation Positive vegetation, soil, and hydrology indicators. 

Rationale for Local Rating Ecology wetland rating results cross-referenced with KCC 21A.24.325. 

Wetland Characterization and Functional Assessment 
The characterization of wetlands identified on the site is based on wetland ratings completed using 
�����}�o�}�P�Ç�[�•���î�ì�í�ð��Washington State Wetland Rating System for Western Washington (Hruby, 2014). This 
system is designed to provide a rapid, qualitative rating of wetland functions. It does not replace a full 
assessment of wetland functions. For rating purposes, wetland functions are divided into water quality, 
hydrologic, and habitat functions. Site potential, landscape potential, and value are assessed for each 
of these functions. Table 8 provides a summary of the wetland functions based on the Ecology rating. 
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Table 8. Qualitative Ratings of Identified Wetlands  

Function 

Qualitative Rating of Function 

Wetland 
A B C D E 

Water Quality Functions 
  Site Potential to Improve Water Quality M M M M L 
  Landscape Potential to Support Water Quality Functions  M M M M M 
  Value Rating for Water Quality Improvement  H H H H H 
Hydrologic Functions 
  Site Potential to Perform Hydrologic Functions M M M M L 
 Landscape Potential to Support Hydrologic Functions  H H H H H 
Value Rating for Hydrologic Functions  L L L L L 

Habitat Functions 
  Site Potential to Provide Habitat M L L L L 
  Landscape Potential to Support Habitat Functions  M M M M M 
  Value Rating for Habitat Functions  H H H H H 
Total Rating Score 20 19 19 19 17 

Wetland Category II III III III III 

Functional assessment of the wetlands was conducted using the WSDOT Linear Method (Null, et al., 
2000) per RZC Appendix 1.C.3.c.ii. This tool provides a qualitative assessment of wetland functions by 
guiding best professional judgement to determine if a wetland provides certain hydrologic, biologic, 
social value, or other functions. Table 9 summarizes the assessed functions of each wetland. 
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Table 9. Functional Assessment of Identified Wetlands 

Function/Value 

Function/Value Occurrence 

Wetland 
A B C D E 

Flood Flow Alteration   x   
Sediment Removal x *  x *  *  
Nutrient & Toxicant Removal x x x x x 
Erosion Control & Shoreline Stabilization x x *  x *  
Production of Organic Matter and its Export *  x *  x x 
General Habitat Suitability x  x   
Habitat for Aquatic Invertebrates       
Habitat for Amphibians x  x   
Habitat for Wetland-Associated Mammals      
Habitat for Wetland-Associated Birds x x x x x 
General Fish Habitat x  x   
Native Plant Richness      
Educational or Scientific Value      
Uniqueness & Heritage *   x   
Total Number of Functions Effectively Provided 9 5 10 5 5 
* = Principal Functions 

Wetland A 

Wetland A possesses moderate to high water quality functions due to the herbaceous and woody 
vegetation present that contributes to filtering sediment and pollutants out of Bear Creek floodwaters. 
The watershed draining to Wetland A is moderately developed, contributing pollutants and sediment 
to runoff. However, the landscape potential to support the water quality functions of the site is 
moderate because logging and agricultural activities are not prevalent in the contributing basin. 
Depressions are present within the wetland, which can trap sediments during flood events. The value 
rating of the water quality improvement provided to society by Wetland A is high since a Total 
Maximum Daily Load (TMDL) for fecal coliform has been issued for the Bear and Evans Creek basins, 
and Wetland A helps contribute to maintaining water quality of Bear Creek.  

The hydrologic functions of Wetland A are moderate, primarily due to the vegetation structure that 
can aid in flood and erosion control. However, Wetland A does not have a constricted outlet and only 
shallow depressions are present. Furthermore, although there are no upstream flood control devices, 
no flooding issues are known to occur downstream of the wetland.  

Wetland A functions moderately high for providing general habitat since it is within a relatively intact 
riparian corridor that contains priority habitats and supports ESA-listed salmonids. In addition, the 
moderate structure and interspersion of vegetation communities, presence of multiple hydrologic 
regimes, and occurrence of special habitat features contributes to �t���š�o���v�������[�• moderate site potential 
for habitat functions. However, the wetland does not provide ideal habitat for aquatic invertebrates 
since no aquatic bed vegetation or areas of permanent ponding are present. Although the Bear Creek 
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floodplain offers preferable habitat for wetland-associated mammals, Wetland A lacks high 
interspersion of vegetation communities and suitable banks for denning. Moreover, the floodplain 
channel to Bear Creek within Wetland A provides off-channel refuge habitat for fish, and Wetland A 
provides habitat for wetland-associated birds due to the presence of snags and multiple vegetation 
classes within the wetland. 

Wetlands B, D, and E 

Like Wetland A, Wetlands B, D, and E possess moderate to high water quality functions due to the 
dominance of herbaceous vegetation that filters sediment and pollutants out of Bear Creek 
floodwaters. The value rating of the water quality improvement provided to society by each of these 
wetlands is also high since they help maintain water quality of Bear Creek, which currently has a TMDL 
for fecal coliform. 

The hydrologic functions of Wetlands B, D, and E are moderate, as the emergent vegetation present 
along the streambank in each wetland helps attenuate streambank erosion. However, none of the 
wetlands have a constricted outlet, and little or no depressions are present. Although no flood control 
devices exist upstream, no flooding issues are known to occur downstream of the study area.  

Although Wetlands B, D, and E have simple hydrologic regimes and vegetation communities, they have 
moderate habitat functions due to their location within the Bear Creek riparian corridor. The three 
wetlands do not provide significant habitat for aquatic invertebrates, amphibians, wetland-associated 
mammals, or fish. However, the wetlands provide habitat for wetland-associated birds due to the 
presence of emergent vegetation and intact forest, including snags, in the wetland buffer. In addition, 
several priority habitats are within proximity to each wetland and Bear Creek supports ESA-listed 
salmonid species. 

Wetland C 

The water quality functions of Wetland C are moderately high, like those previously described, due to 
woody vegetation covering more than two-thirds of the wetland, and �š�Z�����Á���š�o���v���[�•���‰�}�•�]�š�]�}�v���]�v a 
developed watershed. Depressions are present within the wetland, which can trap sediments during 
flood events. The value rating of the water quality improvement provided to society by Wetland C is 
high since it helps contribute to maintaining water quality of Bear Creek, for which a TMDL for fecal 
coliform has been issued. 

The hydrologic functions of Wetland C are moderate, primarily due to the vegetation structure that can 
aid in flood and erosion control. The presence of dense woody vegetation in areas that receive sheet 
flow from Bear Creek facilitates Wetland C to attenuate floodwaters. However, Wetland C does not 
have a constricted outlet, and only shallow depressions are present, which limits the hydrologic 
functions. Furthermore, although there are no upstream flood control devices, no flooding issues are 
known to occur downstream of the wetland.  

Like Wetlands B, D, and E, Wetland C has a moderate habitat function due to its location within the 
Bear Creek riparian corridor. It has a moderately complex hydrologic regime, but a simple vegetation 
composition, and does not contain downed large woody debris or snags. Wetland C lacks suitable 
habitat features for aquatic invertebrates or wetland-associated mammals. However, the native shrub 
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cover in and near the wetland provides habitat for amphibians and wetland-associated birds, while the 
backwater pool within the wetland offers fish refuge during high flows. In addition, several priority 
habitats are within proximity of Wetland C and Bear Creek supports ESA-listed salmonid species. 

Fish, Wildlife, and Endangered Species Use 
During site investigations, the following wildlife species, or evidence thereof, were observed in the 
riparian corridor: beaver; coyote (Canis latrans); Columbian black-tailed deer (Odocoileus hemionus 
columbianus); ���v�v���[�•���Z�µ�u�u�]�v�P���]�Œ�����~Calypte anna); American bushtit (Psaltriparus minimus); 
black-capped chickadee (Poecile atricapillus); �^�š���o�o���Œ�[�•���i���Ç�•���~Cyanocitta stellari); Pacific treefrog 
(Pseudacris regilla); and Northern red-legged frog (Rana aurora). Fish species observed included 
juvenile salmonids and an adult Chinook salmon. With the exception of Wetland A, the on-site 
wetlands delineated as part of this project are limited in size and ability to offer significant specialized 
habitat for these wildlife species. However, on-site wetlands contribute habitat to the larger Bear 
Creek floodplain, which collectively supports a myriad of fish and wildlife species.  

In addition to the fish and wildlife species observed during field investigations, the Bear Creek riparian 
corridor is known to support the following wildlife species: American black bear (Ursus americanus); 
cougar (Puma noncolor); muskrat; nutria; opossum (Didelphis virginiana); Eastern gray squirrel (Sciurus 
carolinensis); Western gray squirrel (Sciurus griseus); raccoon (Procyon lotor); red-winged blackbird 
(Agelaius phoeniceus); Great blue heron (Ardea herodias); common yellowthroat (Geothlypis trichas); 
winter wren (Troglodytes hiemalis); cedar waxwing (Bombycilla cedrorum); northern flicker (Colaptes 
auratus); long-toed salamander (Ambystoma macrodactylum); American bullfrog (Lithobates 
catesbeianus); and big brown (Eptesicus fuscus) and little brown bat (Myotis lucifugus). 

Bear Creek at the project site provides habitat for the following PHS-listed species: coho salmon; 
Chinook salmon; sockeye/kokanee salmon; steelhead trout; and cutthroat trout. The Puget Sound 
Evolutionarily Significant Unit (ESU) of Chinook and the Puget Sound Distinct Population Segment (DPS) 
of steelhead have a threatened ESA listing status. USFWS IPaC data indicates that federally threatened 
bull trout utilize Bear Creek; however, bull trout have not been found in the Bear Creek system (Berge, 
H.B., Hammer, M.L., and Foley, S.R., 2006). No critical habitats for any of the ESA-listed aquatic species 
occur on or near the project site (critical habitat maps are provided in Appendix D). All five wetlands 
identified within the study area indirectly support these salmonids by improving water quality, 
contributing organic matter to the stream, and providing some measure of overhanging vegetation for 
cover. Wetlands A and C specifically provide off-channel habitat for salmonids and resident fish during 
peak flows.  

Human Use 
The County purchased the southernmost parcel of the LBCNA in 2012 from the Doyle family, who resided 
at the roughly 3-acre parcel for almost 30 years. Non-native plantings were observed within the Bear 
Creek floodplain and upland eastern buffer, presumably pla�v�š���������Ç���š�Z�������}�Ç�o���[�•�����µ�Œ�]�v�P���š�Z���]�Œ���}�Á�v���Œ�•�Z�]�‰���}�(��
the land. Additionally, several informal pathways and trails were observed from the former Doyle 
residence to the Bear Creek channel. During site investigation, RH2 staff conversed with a nearby 
neighbor who visits the stream and floodplain daily, accessing the channel via the established pathways.  
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Streams 

Stream Habitat and OHWM Delineation 
Within the project reach, Bear Creek meanders within the floodplain wall on the left bank and the 
Avondale Road embankment on the right bank. The wetted channel width of Bear Creek in the project 
reach at the time of site investigations ranged from 30 to 45 feet wide, averaging 30 to 37 feet, and 
thalweg4 depths ranged from 3 to more than 5 feet deep. 

Below the OHWM, prevalent vegetation included waterweeds (Elodea sp.) rooted in-channel, and 
Western skunk cabbage (Lysichiton americanus), small-fruited bulrush, spotted jewelweed, reed 
canarygrass, rice cutgrass, and watercress on the streambank edges. The streambank below the 
OHWM was generally characterized by the presence of exposed roots, scour lines, and wrack 
accumulation �t all indicators of flowing water. Drainage patterns evidenced by flattened vegetation 
and aquatic animals (pond snails, unidentified but likely Stagnicola sp.) were additional indicators 
observed below the OHWM. 

At the OHWM, prevalent vegetation observed included spotted jewelweed, reed canarygrass, Pacific 
ninebark, red alder, salmonberry, Sitka willow, and Himalayan blackberry in disturbed areas of the site. 
The right bank at, or straddling, the OHWM was generally characterized by road embankments, 
benches, and exposed roots. The left bank at, or straddling, the OHWM was characterized by 
top-of-bank, toe of the lowest terrace, and an undercut incised bank. Drainage patterns evidenced by 
flattened vegetation, sediment lines, and staining on fixed objects also were observed at the OHWM. 
Riparian wetlands delineated for this project were included within the OHWM. In the furthest 
upstream section of the project reach, the inclusion of Wetland A in the OHWM delineation resulted in 
the OHWM extending from the eastern to the western floodplain walls. In contrast, the remainder of 
the project reaches�[ OHWM delineation corresponded to the bankfull width of the Bear Creek channel. 

Above the OHWM, prevalent vegetation included Himalayan blackberry, Douglas fir, Western red 
cedar, vine (Acer circinatum) and big-leaf maples, Indian plum, and sword fern. Soil and geomorphic 
indicators observed above the OHWM included the presence of a hillslope toe, well developed duff 
layer, and alluvium with an organic horizon. Lighter or no staining was observed on fixed objects above 
the OHWM. 

OHWM delineation by the County on the downstream Doyle Restoration project (King County, 2017) 
identified the OHWM of Bear Creek at approximately the 62-foot elevation along both banks. The 
���}�µ�v�š�Ç�[�•���K�,�t�D�����o���À���š�]�}�v���Á���•�����}�v�(�]�Œ�u���������µ�Œ�]�v�P���(�]���o�����]�v�À���•�š�]�P���š�]�}�vs by RH2; however, throughout the 
project reach, the OHWM was observed between the 62- and 64-foot elevations, which is reflective of 
the varying terrain conditions present in the project reach. Table 10 provides a summary of stream 
characteristics observed on the site. Figure 3 depicts the OHWM and waterways on the project site. 

 

 
4 Thalweg is defined as � â line following the lowest part of a valley whether under water or not�_ (Merriam-Webster, 
2019). 
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Table 10. Stream Summary 

Stream Summary Buffer Summary 
Impact and Mitigation 

Summary 

Stream 
Stream 
Class/ 
Type1 

Stream 
Length 

(ft) 

Shoreline  
Designation 

Jurisdiction2 
Required 

Buffer 
(ft)3 

Impacted 
Buffer �t 
City (sf)4 

Impacted 
Buffer �t 

County (sf)4 

Filled Area 
Below 

OHW (sf) 

Mitigation 
Area (sf)5 

Bear 
Creek 

Class I/ 
Type S 800 

County: 
Conservancy 
Aquatic and 

Natural 
City: Natural 

City and 
County 200/165 1,936 2,710 192 13,814 

1 �^�š�Œ�����u�����o���•�•�������•�]�P�v���š�]�}�v���Œ���(�o�����š�•���š�Z�������]�š�Ç�[�•�����Œ�]�š�]�����o�����Œ�����•�����}�����U���Z�•�����î�í�X�ò�ð�X�ì�î�ì�X���X�î�X���X���^�š�Œ�����u���d�Ç�‰�����Œ���(�o�����š�•���š�Z�������}�µ�v�š�Ç�[�•�����Œ�]�šical Areas Code, 
KCC 21A.24.355.  
2 Bear Creek and associated buffer habitat is within City jurisdiction west of the Avondale Road ROW and south-southwest of the County-City 
limits, and within County jurisdiction east of Avondale Road ROW and north-northeast of the County-City limits. 
3 Buffers reflect the City and County Critical Areas Codes. The City requires a 150-foot inner buffer and 50-foot outer buffer for Class I streams 
(RZC 21.64.020.B.3), while the County requires a 165-foot buffer for Type S streams within a basin considered to have a high condition, for which 
Bear Creek has been rated (KCC 21.24.358). 
4 Disturbed buffer area reflects both wetland and stream buffer, which are overlapping in the project footprint. Areas shown include 
approximately 975 sf of temporary buffer impacts to construct the temporary construction access roadway; and approximately 3,671 sf of 
permanent buffer impacts resulting from grading for the incipient channels, hummocks, and wall construction, fill for the replaced stormwater 
outfall, and new impervious surface for the wall and stormwater manholes. 
5 Mitigation area shown reflects stream and buffer enhancement proposed, which includes invasive species removal, planting with native woody 
species, and addition of LWD within the Bear Creek riparian corridor.  

Stream Assessment 
The project site lies within the Bear Creek sub-basin of the Cedar-Sammamish watershed (Water 
Resources Inventory Area (WRIA) 8) (Figure 1). Bear Creek originates in Paradise Valley immediately 
north of Paradise Lake and flows in a southwesterly direction for 12.4 miles before joining the 
Sammamish River. The Bear Creek basin covers about 14,300 acres in northern King and southern 
Snohomish counties and drains to the Sammamish River (Rand, 2008). Bear Creek is a wide, shallow 
stream with a low gradient. The average width of Bear Creek varies from 4 to 25 feet in summer and 
5 to 30 feet in winter. The canopy varies from small amounts of deciduous trees that provide little 
shade, to thick growths of deciduous and coniferous trees that provide excellent shade. Bear Creek is 
generally a cool, clear, well-oxygenated stream with slight alkalinity and a low buffering capacity. Bear 
Creek has been assigned a Class AA rating by Ecology (Ecology, 2019). The riparian corridor is primarily 
green belt with some single-family residences (County (Metro), 1982). The Bear Creek basin tributaries 
support varied populations of salmon and resident fishes.  

Hydrology 

Annual peak flow discharges in Bear Creek increased by 30 percent from 1995 to 1998. Peak flow 
discharges are larger and last longer when compared with modeled forested flow conditions. Percent 
impervious area has increased in many Bear Creek sub-basins to a point above the threshold of 
degradation (Kerwin, 2001). 

In lower Bear Creek, roughness is largely provided by hydraulic action alone, yielding the pattern of 
bars and pools associated with meandering alluvial rivers (County, 1990). Embeddedness data is lacking 
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on Bear and Evans Creeks. However, substrate conditions observed by Rand (2008) indicate that lower 
Bear Creek contains long reaches of silty or sandy substrate. Field observations conducted onsite 
confirm the general substrate conditions of lower Bear Creek cited above. Lots of fine sediments were 
observed on the margins of the creek, and fine gravels were observed in the thalweg of the creek, 
where the flow was concentrated. The margins that contained fine sediments also had dense stands of 
waterweed mats (Elodea sp.) growing in the creek. This dense growth of vegetation choked the stream 
and slowed down the flow in certain sections of the project site. The high percentage of fine material 
in the substrate and the lack of cover may limit fish spawning and rearing, particularly in the reach 
from RM 4.8 to the mouth, which contains the project reach. In general, 14 percent (1.3 miles) of the 
substrate from RM 9.5 to the mouth is rated excellent, 39 percent (3.7 miles) is rated good to fair, and 
47 percent (4.5 miles) is rated poor (County (Metro), 1982). 

Channel Conditions 

Stream reaches in the Bear Creek basin can be grouped into three distinct categories, each with a 
characteristic pattern of sediment transport. Most common are the graded alluvial channels, of which 
the mainstems of Bear and Cottage Lake Creeks are the best examples. In general, they flow in 
channels carved in sediment previously deposited by river action. Floodplains are well developed, bank 
failures are small, and sediment transport appears to be in equilibrium (County, 1990). Historic 
channelization and dredging have reduced floodplain connectivity in the lower reaches of Bear Creek. 
Higher order tributaries in the Bear Creek drainage generally have good connections to wetlands and 
riparian vegetation.  

The quantity and quality of instream habitat in the lower portion of the mainstem has been degraded 
or mostly eliminated through channelization, scouring flows that remove much of the instream habitat, 
and clearing of the riparian corridor and removal of large organic debris by streamside residents 
(Kerwin, 2001; County, 1989).  

Little specific data are available, but streambanks along lower Bear Creek and Evans Creek are 
generally functioning at risk due to some armoring and bank sloughing. Bank condition in smaller 
tributaries is generally properly functioning (Kerwin, 2001; Rand, 2008). 

During the initial field visit on September 12, 2019, Bear Creek was flowing high, and the main channel 
consisted of a non-turbulent run/glide with low velocity side margins. Instream habitat was difficult to 
observe due to high flows and tannin-stained water. A field visit was conducted on September 2, 2020 
to define the stream habitat during low flow conditions. A meandering oxbow was observed, indicating 
a shallow gradient onsite. Lateral and mid-channel scour pools created by LWD jams were observed at 
the end of the meander, adjacent to the riprap bank. The stream banks in the project site are stable in 
the straight reaches but are sloughing at the outside bends due to erosion of the fine bank sediments. 
The dense vegetation growing on the banks is stabilizing the banks, but incision is occurring due to 
scour, as evidenced by the steep banks and numerous side channels within the floodplain. 

County Parks described the stream reach below the project site as having little complexity or variation, 
and only a fraction of large wood, compared to historic stream conditions. Only two pieces of large 
wood and no off-channel features existed within the project reach before the County�[�•��Doyle 
Restoration project was complete. The Doyle Restoration project placed about 55 pieces of LWD, 
arranged into 5 large jams, throughout the 600-foot project reach. The wood placement was 
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envisioned to boost morphological changes to the channel bed and increase instream habitat 
complexity to increase juvenile salmonid habitat within the reach. 

Water Quality  

Bear and Evans Creeks are listed as impaired under the Ecology 303d List (Ecology, 2016) for the 
bioassessment parameter (Category 5) and for temperature, bacteria, and dissolved oxygen just 
downstream of the project site (Category 4a). The flow was elevated (ranging from 38 to 34 cfs, 
dropping during the day) on the September 19, 2019 site visit due to previous heavy precipitation. On 
September 9, 2019, flows peaked at about 75 cfs at the Friendly Village gage. Late summer base flows 
prior to the storm event were around 10 to 13 cfs. Water temperature was 15.5 degrees Celsius, and 
clarity was low due to staining by tannins. 

Physical Barriers 

There are many known, and several unknown, undocumented salmonid access barriers in the Bear 
Creek basin, but a comprehensive basin-wide examination of barriers is lacking. All known barriers 
affecting adult Chinook and sockeye salmon other than beaver dams have been addressed (Heller, 
2000). Many documented and an unknown number of undocumented barriers exist on the smaller 
streams and upper reaches of the main streams in the Bear Creek basin, which affect primarily coho 
salmon and cutthroat trout at all life stages (Heller, 2000). The passage barriers include culverts, dams, 
weirs, high velocity stream flows, beaver dams, and choking vegetation. Most of mainstem Bear Creek 
is accessible to anadromous fish. No physical barriers to fish migration were observed in the project 
reach. 

Riparian Corridor 

The riparian corridor in many reaches of the basin has been reduced or totally cleared to the stream 
edge. The removal of the large riparian vegetation has reduced the amount and type of large organic 
debris reaching the stream and has increased the solar radiation to the stream. This has resulted in a 
loss of fish habitat and an increase in summer water temperatures (Kerwin, 2001). The riparian 
corridor at the edge of the floodplain is intact and in excellent condition in most of the project reach. 
�d�Z�������Œ�������]�•�����µ�Œ�Œ���v�š�o�Ç���}�Á�v���������Ç���š�Z�������}�µ�v�š�Ç�����v�����u���v���P���������•���^�����}�o�}�P�]�����o���>���v���•.�_�������}�µ�v�š�Ç���W���Œ�l�• 
purchased the Doyle property and enhanced the Bear Creek reach immediately downstream of the 
project in 2017. The area along Avondale Road at the project site is the exception and has a very 
narrow riparian area due to the presence of the road and the bank erosion occurring at Bend C. This 
lateral migration of the creek has caused significant erosion at the toe of the roadway embankment, 
undermining the rock embankment, and reducing the width of the riparian corridor along the roadway. 

Riparian areas along Bear Creek, particularly in its lower reaches, have been degraded by residential 
and commercial/industrial development. LWD is generally sparse in mainstem Bear Creek, and LWD 
densities are generally higher in the upper reaches of Bear Creek and its tributaries, including Cottage 
Lake Creek (Kerwin, 2001). Prior to the Doyle restoration in 2017, County Parks described the Doyle 
property stream reach as having little complexity or variation and only a fraction of historic large wood 
volumes. The Doyle Restoration project and upstream LBCNA Habitat Enhancement project added 
significant instream complexity and LWD to Bear Creek in the vicinity of the project reach. LWD 



City of Redmond  January 2022 
10000 Block of Avondale Erosion  Critical Areas Report 

 

 31 
1/21/2022 10:34 AM J:\DATA\RED\119-100\06 AGENCY\CRITICAL AREAS ANALYSIS\RED_AVONDALEEROSION_CAR_JAN2022.DOCX 

 

recruitment on the project site is good; however, it is limited to the outside bends of the creek, where 
it is expanding into the riparian corridor. Notable areas of LWD accumulation in the project reach 
include those artificially placed as part of County restoration projects upstream and downstream of the 
current project site, as well as at Bend B, where naturally recruited trees have eroded from the terrace 
hillslope.  

In addition to providing LWD input, the riparian corridor provides shade and allochthonous input to 
Bear Creek, as well as microclimate cooling by providing shading at the edges of the floodplain. The 
floodplain in the project reach is wide, but the intact riparian corridor provides excellent shading to the 
creek, especially where the creek flows near the floodplain edge. In streams, allochthonous material 
includes leaves that fall or are washed into the water and branches and trees that topple into the 
stream. 

Existing Stream Value for Fisheries Habitat 

Bear Creek has historically supported large populations of salmon and trout and is a Class I stream 
(Shoreline of the State). As a Class I stream, Bear Creek, and its associated buffer, 200 feet measured 
from the OHWM, are designated as a core preservation area (RZC 21.4.020.A.2.a) by the City. The Bear 
Creek system has been resilient and maintained high habitat values that have enabled the persistence 
of healthy fish populations for an urban stream. Bear Creek and its tributaries provide significant 
habitat for salmonid and resident fish species, including ESA-listed Puget Sound Chinook salmon and 
Puget Sound steelhead trout, as well as non-listed coho salmon, sockeye salmon, kokanee trout, 
rainbow trout, and coastal cutthroat trout. There are populations of both resident and migratory 
cutthroat and rainbow trout in the Bear Creek system. Salmon, depending on the species, will spawn in 
this system from September through February (Berge, et al., 2006). Sockeye and coho salmon are the 
most numerous of the three species of salmon found in the system and returns of 16,000 to 
22,000 adult sockeye salmon have been recorded in Bear Creek (Berge, et al., 2006; Rand, 2008). Bear 
Creek has one of the largest spawning aggregations of Chinook and supports about 90 percent of the 
Chinook spawning in the North Lake Washington tributaries (Berge, et al., 2006; County, 2017; Kerwin, 
2001).  Productivity and overall abundance of Chinook, coho, and sockeye has been reduced from 
historic levels (Kerwin, 2001). Studies in the 1990s indicated that steelhead trout populations in Bear 
Creek were declining at an average annual rate of 18 percent (Busby, P.J., et al., 1996).  

Special-status fish species include those listed or proposed for listing under the federal ESA. Chinook 
salmon and steelhead trout are threatened species that are known to occur in Bear Creek. Although 
federally listed, bull trout have not been documented to occur in Bear Creek. No critical habitat for any 
of the ESA-listed salmonids exist in Bear Creek. Chinook salmon use both Bear and Evans Creeks as 
migration, spawning, and rearing habitat (Berge, et al., 2006). In addition to supporting a diverse and 
robust fisheries community, Bear Creek and its tributaries support a healthy population of freshwater 
mussels and a diverse aquatic macroinvertebrate community (Kerwin, 2001). 

A diverse suite of instream habitat types is needed to support various stages of juvenile salmonid life 
histories, and this is present at the project site. Decreased connectivity to floodplain and off-channel 
areas in Bear Creek has resulted in decreased quantity and quality of refuge and low velocity rearing 
habitats available for juvenile salmonids. The lack of rearing habitat corresponds with diminished 
rearing activity, refuge from predators, and higher velocity flows (Kubo, 2017). While there is probably 
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less LWD and instream complexity compared to historic conditions on Bear Creek, some sections of the 
stream are providing excellent instream habitat, including the downstream Doyle restoration reach.  

Within the project reach (from the proposed upstream incipient channel to the Doyle reach), Bear 
Creek provides diverse functional habitat such as migratory, rearing, and forage habitat for Chinook 
salmon, coho salmon, steelhead, resident trout, and other native species. No spawning habitat was 
observed in this reach. In particular, the meander bend of the creek contains complex instream habitat 
and provides a variety of rearing and foraging habitat for these fish species. Good channel complexity 
and instream habitat was observed at the outside meander bend due to fallen LWD from the adjacent 
riparian corridor and upstream LWD input. Thirteen pieces of LWD were observed in the active channel 
and two separate pools were evident at this meander bend during low flows. The complex LWD jams at 
the end of the meander bend, within the project reach, are creating deep scour pools, providing cover 
refugia and rearing habitat for juvenile coho, juvenile and adult trout, and other native fish species. 
Two non-turbulent runs and one glide were observed at the upstream, downstream, and 
interconnection between the pools. These non-turbulent areas provide low velocity rearing habitats 
for juvenile salmonids during various flow regimes and connect the complex habitat in the pool/LWD 
complex.  

The project will not result in loss of stream functions, but rather improve long-term riparian and 
floodplain functions and result in a net gain to aquatic habitat functions and values due to the 
significant minimization measures, use of best management practices, and mitigation sequencing. All 
permanent shoreline and in-water impact areas would be mitigated, and in-stream habitat complexity 
would be enhanced by the addition of LWD in the stream. This addition of LWD in the project reach will 
provide additional complex instream habitat and increase the variety of rearing and foraging habitat 
during different flow regimes for juvenile and adult salmonid species, as well as other native resident 
species.  

Disturbed areas and portions of the embankment face also would be protected with LWD and 
replanted with native riparian vegetation. The establishment of increased riparian vegetation and 
removal of invasive species will enhance the habitat functions and value of this reach of Bear Creek in 
the long term. The new and enhanced riparian plantings will provide increased long-term wildlife 
habitat functions, water quality, and hydrologic functions. Increased riparian cover will provide greater 
shade cover to Bear Creek and leaf litter inputs, which would improve the soil porosity and its ability to 
infiltrate stormwater and contribute to nutrient cycles that support healthy plant communities. 

Fish and Wildlife Habitat Conservation Areas 
The project site is located within the floodplain of Bear Creek at approximately RM 3.5. The City of 
Redmond Wildlife Habitat Report (Adolfson, 2002) divided vegetative cover types into four broad 
categories: forest; shrub; grassland; and open water. These categories can include wetland, riparian, 
and upland habitats within each category. On-site vegetative cover types are depicted in Figure 4. A 
completed Habitat Assessment Form scoring the quality of the project area, which is located within the 
greater Bear Creek 2 Habitat Unit, is included in Appendix E. 
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The Bear Creek corridor provides an important habitat and migration corridor for birds, fish, and 
terrestrial wildlife. A detailed description of fish and wildlife use of the project site was described in the 
Wetlands and Streams sections.  

Common avian species associated with the forest cover type include the American crow, starling, 
black-capped chickadee, and American robin. Common birds associated with scrub-shrub include 
red-winged blackbirds, yellowthroat, and other warblers. Grassland cover type birds include 
red-winged blackbird, American robin, and red-tailed hawk. Other wildlife species associated with the 
�u�µ�o�š�]�‰�o�������}�À���Œ���š�Ç�‰���•���‰�Œ���•���v�š���]�v���š�Z�����‰�Œ�}�i�����š���•�]�š�����]�v���o�µ�������^�š���o�o���Œ�[�•��jays, various songbirds, hummingbirds, 
Great blue heron, bald eagle, black-capped chickadee, dark-eyed junco, hairy woodpecker, killdeer, 
northern flicker, song sparrow, and several species of wrens.  

Other wildlife observed directly or indirectly in the area and associated with two or more cover types 
include beaver, Pacific treefrog, belted kingfisher, black-tailed deer, coyote, and Western and Eastern 
gray squirrel. Fish and wildlife priority species, species of concern, candidate species, species of local 
importance, and ESA-listed species associated with cover types in the project area are summarized in 
Table 11. 

Table 11. Summary of Species Associated with the Cover Types Found in the Project Area 
Vegetation 
Cover Type 

Area in 
Site (ac) 

Priority Species Presence (Status) 

Forest  0.98  Pileated woodpecker (state candidate species)  
Bald eagle (federal species of concern) 

Shrub 0.83 
Great blue heron (City species of local importance)  
Northern red-legged frog (County protected species) 
Bald eagle (federal species of concern) 

Grassland 0.30 Great blue heron (City species of local importance) 
Northern red-legged frog (County protected species) 

Open Water 
(Bear Creek 
stream) 

0.69 

Chinook salmon (federal ESA-listed species), steelhead trout (federal ESA-
listed species), coho salmon (federal ESA candidate species), 
sockeye/kokanee (state priority species), cutthroat trout (state priority 
species), rainbow trout (state priority species) 

Total Priority Species 10 

Wildlife Habitat Assessment 
The vegetation within the project area is a combination of native and invasive plant species. The 
general site conditions and a detailed description of the vegetation on the project site were described 
previously. The right bank (western edge of the project area) has been disturbed because of 
urbanization. The bank protection along Avondale Road at the project site is failing due to the erosive 
action of Bear Creek. Habitat along the right bank (roadside) is more disturbed than the central and left 
bank areas overall, where invasive blackberry covers the steep bank. Invasive species (e.g., reed 
canarygrass and Himalayan blackberry) have largely taken over sections that are flat, receive full sun, 
and are seasonally inundated. 

There are some disturbed areas on the project site, but as a whole, a large proportion of the site 
provides a diverse and layered habitat complex for wildlife. The forested riparian area within and 



City of Redmond  January 2022 
10000 Block of Avondale Erosion  Critical Areas Report 

 

 34 
1/21/2022 10:34 AM J:\DATA\RED\119-100\06 AGENCY\CRITICAL AREAS ANALYSIS\RED_AVONDALEEROSION_CAR_JAN2022.DOCX 

 

adjacent to the project reach is vegetated primarily with floodplain riparian forest and provides 
multi-level habitats for terrestrial and avian species. Non-wetland areas within the project area are 
predominantly characterized by upland forest vegetation. The overstory is composed primarily of 
Douglas fir, western red cedar, and bigleaf maple, with some red alder. Some mature or second growth 
trees exist in small groves, such as the western red cedars; small or sapling trees of all species also are 
present. The understory is dense in about half of the forested habitat, and is primarily comprised of 
vine maple, salmonberry, Salal (Gaultheria shallon), Indian plum, sword fern, bracken fern (Pteridium 
aquilinum), trailing blackberry, and English holly (Ilex aquifolium). Other ground cover species were 
present throughout. Additional trees observed in this forested area include young to mature Sitka 
spruce, black cottonwood, planted rhododendron (Rhododendron sp.), Oregon grape (Mahonia 
aquifolium), and mature cascara trees (Frangula purshiana).  

The scrub-shrub area within and adjacent to the project site is composed primarily of plants typical of 
floodplain shrub habitat, including a high percentage of invasive species. This type of habitat is 
dominant within the active portion of the floodplain. The soil is silty and seasonally flooded, and 
evidence of hydrogen sulfide was noted in some locations. Invasive or potentially invasive species 
observed on both sides of the bank include high proportions of reed canarygrass, common tansy, 
bohemian knotweed, Himalayan blackberry, spotted jewelweed, ���]�Œ���[�•-foot trefoil (Lotus corniculatus), 
yellow-flag iris, willowherbs (Epibolium sp.), curly dock (Rumex crispus), prickly lettuce (Lactuca 
serriola), and Canada thistle (Cirsium arvense). Additionally, dense patches of bindweed (Convovulus 
arvensis) occur in some specific areas, often crawling over other plants. These plants dominate large 
areas of the scrub-shrub habitat in the central portion of the floodplain. Native species within the 
scrub-shrub habitat include alder, mature Sitka spruce, Pacific ninebark, common rushes (Juncus sp.), 
salmonberry, hardhack (Spiraea douglasii), and willow species. 

The project site is located within the Bear Creek Riparian Corridor and provides an important migration 
corridor for wildlife along the eastern edge of the City. This corridor connects a critical wildlife habitat 
link to the Sammamish River riparian and wildlife corridor, located to the south. The undisturbed 
riparian zone along the right bank of the project site and Bear Creek provides excellent habitat for both 
resident and migratory wildlife. Standing snags and small woody debris are prevalent throughout parts 
of the scrub-shrub and forested habitats. The intact riparian corridor and the presence of complex 
habitat structure provides refugia for resident and migratory wildlife. The riparian corridor provides 
important shade for temperature control and bank stabilization. The mature forest provides LWD 
recruitment to the creek, which delivers complex instream habitat for the ���Œ�����l�[�• outside bends 
(adjacent to the riparian area).  

This project site and adjacent area includes edge habitat, which runs in parallel to scrub-shrub, 
forested, and wetland habitats, creating high community interspersion between the vegetation 
communities. There is also a considerable overlap of plant and animal species in the edge zones, 
allowing more transition areas and diverse microhabitats for species. The plant species, including red 
alder and some of the understory species listed above (e.g., Salal, vine maple, trailing blackberry, etc.) 
occur in both the forested and the scrub-shrub habitat areas. The outer edge of the upland/forested 
riparian habitat runs in an irregular pattern, adjacent to private property, with some potential human 
and natural disturbance of the habitat area. There is a small work shed, some human-introduced litter, 
and a few invasive and non-native species typically found in disturbed and/or open areas, including 
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���]�Œ���[�•-foot trefoil, and a high occurrence of spotted jewelweed, which is on the Washington State 
Noxious Weed List. 

The County has developed a noxious weed control management strategy, which presumably is in use 
within the LBCNA. The County also has been acquiring property along the Bear Creek corridor to create 
continuous wildlife corridors for wildlife migration and habitat protection. RZC 21.64.020.A.c defines 
quality habitat areas based on a qualitative assessment of various habitat parameters. These 
parameters include size, community diversity, interspersion, continuity, forest vegetation layers, forest 
age, and invasive species. The project site, as part of the Bear Creek Riparian Corridor, provides high 
quality habitat for fish and wildlife species. 

Core preservation areas, as defined by RZC 21.64.020A.2.a, include native growth protection areas, 
streams (Class I through IV), wetlands, and buffers associated with streams and wetlands. Therefore, 
all wetlands, streams, and buffers on the project site can be considered core preservation areas. 

Most of the project site is located within the County�[�• LBCNA. The goals for the LBCNA are: 1) to 
conserve and enhance the ecological value; and 2) to accommodate appropriate public uses that do 
not harm ecological resources.  

The DNR databases do not list any rare or imperiled terrestrial animal species or plant communities in 
the project site vicinity (DNR, 2021). The WDFW PHS database lists Bear Creek but does not have any 
terrestrial habitats or species mapped for the project area (WDFW, 2021).  In addition to the protected 
habitat onsite, WDFW has developed habitat management recommendations for several of the listed 
aquatic species identified in Table 11.  

Frequently Flooded Areas 
Most of the Bear Creek riparian corridor and project site east of the Avondale Road ROW is within the 
100-year floodplain and/or floodway, designated by FEMA. The exception to this is in the far eastern 
upland forested portion of the site and the southwestern access area from the Fairview Winds 
property. NHC completed a floodplain analysis of a portion of the Bear and Evans Creek basins with 
results summarized in the Task Order #19-01 Bear Creek Floodplain Analysis Phase 2 technical 
memorandum (NHC, 2019). In the 2019 analysis, NHC provided updated flow recommendations for 
Bear Creek based on long-term King County gage records. The gage-based flows for the project 
location are shown in Table 12, along with the effective FEMA flows for comparison. The approximate 
FEMA 100-year effective water surface elevation also was projected onto the project survey and is 
shown in the design plans (Appendix C).  
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Table 12. Summary of Recommended Flood Frequency Flows5 

Location 
FIS Study 

Name 
Return Interval 

(years) 
Effective FIS Discharge 

(FEMA, 2005) (cfs) 
Recommended 

Flow (cfs) 

Bear Creek 
near 10000 
Avondale 

Bear 
Creek at 
RM 3.5 

500 1,300 1,817 
100 998 1,600 
50 887 1,385 
10 689 1,172 
2 - 470 

Design of the project has been conducted to maximally avoid and minimize impacts to the Bear Creek 
floodplain. Proposed work in the floodplain includes the incipient channels excavation (by hand), 
installation of LWD, including temporary channel isolation and defishing, rebuilding the stormwater 
outfall, and invasive species removal and replanting with native woody species. The project will not 
result in changes to flood elevations. Besides large wood and rock for the stormwater outfall, no 
structures are present or proposed. Cut and fill volumes will be balanced onsite. For floodplain 
development permitting, NHC prepared a no-rise (zero-rise) assessment, summarized in the Avondale 
Road Erosion Project �t Zero-Rise Analysis technical memorandum (NHC, 2022), which was provided to 
the City for review in mid-January 2022.    

Geologically Hazardous Areas 
RH2 (2020, 2021) completed geologic and geotechnical assessments that included a site investigation, 
limited subsurface exploration of the floodplain, soil borings along the embankment, and compilation 
and analysis of available geologic and geotechnical information of the site. In summary, the site is 
underlain by fine-grained, loose to moderately dense sediment, primarily developed from recessional 
glacial outwash deposits which have been slightly modified by construction of Avondale Road and its 
embankment. The recessional glacial outwash deposits are in turn underlain by glacially-consolidated 
very dense sand interpreted as glacial advance outwash and very dense, finer-grained pre-glacial 
deposits. Recent deposits of alluvial sand fill the Bear Creek floodplain. Groundwater occurs at 
approximately the same elevation of Bear Creek and flows generally in the direction of stream flow to 
the south.  

The City has mapped the entire project site as a seismic hazard area based on a moderate to high risk 
of soil liquefaction in response to a seismic event. DNR has identified the Bear Creek floodplain and 
eastern slopes above the floodplain with low to moderate liquefaction susceptibility, and the slopes to 
the west of the floodplain, including Avondale Road, as very low liquefaction susceptibility. The loose, 
moist to saturated, fine to medium sand in the floodplain is very susceptible to liquefaction.  The more 
compact recessional outwash deposits on the upland above the floodplain are well-drained and less 
susceptible to the liquefying effects of seismic shaking. The composition and competency of the fill 
underlying Avondale Road and in the embankment at the site are not well described but may be 

 

 
5 Taken from Task Order #19-01 Bear Creek Floodplain Analysis Phase 2 technical memorandum (NHC, 2019) and Avondale 
Road Erosion �t Existing Hydrologic and Hydraulic Conditions technical memorandum (NHC, 2020). 
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assumed to resemble conditions identified in nearby soil borings (RH2, 2020, 2021). The soldier pile 
wall will likely experience seismic shaking in the next 50 years and will be designed to accommodate 
potential loss of soil strength and abrupt changes in hydrostatic pressure. The wall will be founded into 
deeper glacially-consolidated deposits and surrounded by well-drained fill where necessary.   

There are no landslide or erosion hazard areas mapped on the site. The soldier pile wall and supporting 
woody debris will improve erosion mitigation features at the site by replacing much of the rock facing 
on the slope below the Avondale Road embankment. 

Steep slopes on the site associated with the Avondale Road east embankment are manmade; 
therefore, they are ���Æ���u�‰�š���(�Œ�}�u�����Œ�]�š�]�����o�����Œ�����•���Œ���P�µ�o���š�]�}�v�•���‰���Œ���š�Z�������]�š�Ç�[�•��administrative interpretation. 

Critical Aquifer Recharge Areas 
The entire project site is in the City�[�• CARA 1 (City of Redmond, 2018), where groundwater flowing in 
the underlying aquifer comprised of glacial recessional outwash and recent alluvium deposits may 
reach one of the groundwater source wells owned by the City. In this case, CARA 1 is synonymous with 
Wellhead Protection Zone 2, or the 5-year horizontal time of travel zone (RZC 21.64.050).  

The s�]�š�����]�•���Á�]�š�Z�]�v���š�Z�����Á���o�o�Z���������‰�Œ�}�š�����š�]�}�v�����Œ�������(�}�Œ���š�Z�������]�š�Ç�[�•���t���o�o���ï�U���Á�Z�]���Z���]�•�������ó�ï-foot-deep well 
installed into the recessional outwash aquifer approximately 0.5 miles to the south. The outwash 
aquifer exchanges water (is in hydraulic connection) with the alluvial sediment underlying Bear Creek.  
The proposed embankment improvements and stream restoration will have little or no effect on the 
infiltration of precipitation or lateral discharge of groundwater into the Bear Creek floodplain. The 
water balance of the outwash aquifer will not be affected by these improvements; no net change to 
surface water discharge or aquifer recharge is expected from the limited amount of material or their 
placement in and along the floodplain. Construction best management practices to mitigate discharges 
of hazardous or toxic materials used or stored at the project site will be in place and monitored as part 
�}�(���š�Z�������}�v�•�š�Œ�µ���š�]�}�v�X�����d�Z�����‰�Œ�}�i�����š���]�•���v�}�š���]�����v�š�]�(�]���������•���}�v�����}�(���š�Z�����‰�Œ�}�Z�]���]�š�����������š�]�À�]�š�]���•���Á�]�š�Z�]�v���š�Z�������]�š�Ç�[�•��
wellhead protection plan, and the project will not alter the performance of the stormwater system in 
place that protects Bear Creek and the outwash aquifer from unmanaged stormwater discharges from 
Avondale Road and surrounding developments. 

RH2 concludes that no short- or long-term negative effects are expected to impact groundwater or the 
City's CARA from the project.  

Project Impacts and Mitigation 

Mitigation Sequencing 
RZC 21.64.010.I and KCC 21A.24.125 require applicants proposing development adjacent or within 
critical areas to employ mitigation sequencing, to be implemented in order, as follows: 

I. All significant adverse impacts to critical areas functions and values shall be 
mitigated. Mitigation actions by an applicant or property owner shall occur in the 
following sequence: 
1. Avoiding the impact altogether by not taking a certain action or parts of actions; 
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2. Minimizing impacts by limiting the degree or magnitude of the action and its 
implementation, by using appropriate technology, or by taking affirmative steps 
such as project redesign, relocation, or timing, to avoid or reduce impacts; 

3. Rectifying the impact to the critical area by repairing, rehabilitating, or restoring 
the affected environment to the conditions existing at the time of the initiation of 
the project; 

4. Reducing or eliminating the impact over time by preservation and maintenance 
operations during the life of the action; 

5. Compensating for the impact by replacing or providing substitute resources or 
environments; and/or 

6. Monitoring the hazard or other required mitigation and taking remedial action 
when necessary.6 

KCC 21A.25.080 includes additional mitigation sequencing for impacts to shoreline jurisdiction. Part A 
reflects the same general mitigation sequencing in KCC 21A.24.125; parts B through D are as follows: 

B.  In determining appropriate mitigation measures applicable to shoreline development, 
lower priority measures shall be applied only where higher priority measures are 
determined to be infeasible or inapplicable. 

C.   Mitigation shall be designed to: 
1.  Achieve no net loss of ecological functions for each new development; 
2.  Not require mitigation in excess of that necessary to assure that the development 

will result in no net loss of shoreline ecological functions; and  
3.  Not result in a significant adverse impact on other shoreline ecological functions. 

D.  When compensatory measures are appropriate under the mitigation priority sequence 
in subsection A. of this section, preferential consideration shall be given to measures 
that replace the impacted functions directly and in the immediate vicinity of the 
impact.  The department may approve alternative compensatory mitigation within 
the watershed if the mitigation addresses limiting factors or identified critical needs 
for shoreline resource conservation based on watershed or comprehensive resource 
management plans applicable to the area of impact.  The department may require 
appropriate safeguards, terms or conditions as necessary to ensure no net loss of 
shoreline ecological functions as conditions of approval for compensatory mitigation 
measures.  (Ord. 16985 § 129, 2010). 

 

 
6 The quoted code section is from RZC 21.64.010.I. The sequencing language is slightly different in KCC 21A.24.125; 
however, the intent of both City and County mitigation sequencing is consistent and reflected in the excerpt. 
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Avoidance and Minimization Measures 
Project alternatives analysis, and preliminary and current design have been conducted to avoid and 
minimize impacts to Bear Creek, its shoreline, associated riparian wetlands, regulated buffers, and the 
larger Bear Creek floodplain, including the following: 

�x Alternatives for embankment repair and channel enhancement were analyzed by RH2, NHC, 
48 North, and the City in 2020, including meeting with local, state, and federal agency staff, 
discussing alternatives, and gathering feedback to influence alternative selection. This work was 
summarized in 10000 Block of Avondale Erosion Alternatives Analysis (RH2, NHC, and 48 North, 
2021). The preferred alternative for embankment repair is construction of a soldier pile wall, 
which significantly avoids and minimizes adverse project impacts (e.g., excavation, fill, 
construction, etc.) within the Bear Creek riparian corridor.  

�x The proposed soldier pile wall will be sited above and largely avoid construction activities 
within the Bear Creek OHWM, avoid on-site wetlands, and be constructed outside of the 
approximate FEMA 100-year effective water service elevation. Construction of the wall will be 
above the OHWM and will utilize soldier piles (steel beams encased in concrete) with pre-cast 
concrete lagging. Vertical casing could be used for the upper soil layers (to about 18 feet) to 
further minimize potential water quality impacts to Bear Creek, depending on weather, 
groundwater elevation, and timing of construction. 

�x The project footprint, construction activities in the Bear Creek floodplain, and temporary 
construction access areas have been minimized to the extent practicable. Construction activities 
in the floodplain have been specifically designed to achieve a light-touch, i.e., planned to occur by 
hand and using light-duty equipment and avoiding use of heavy equipment in the Bear Creek 
riparian corridor. 

�x Construction is anticipated within the low-flow season (late spring to early fall), which will aid in 
minimizing potential water management needs and water quality impacts, as well as facilitate 
construction in the floodplain with light-duty equipment and by hand. All work adjacent to and 
below the Bear Creek OHWM will be conducted within the agency approved in-water work 
window, anticipated to be July 15th to September 30th.  

�x Work adjacent to and below the Bear Creek OHWM will be conducted using a temporary work 
area isolation plan, anticipated dewatering and defishing of the isolated work area to allow for 
construction to occur in a manner that avoids impacts to Bear Creek.  

�x Fish exclusion activities shall occur under the supervision and direction of a fisheries biologist, 
utilizing the approved permit conditions, NMFS Dewatering and Fish Capture Protocol, and/or the 
WSDOT Fish Moving Protocol or Standards. 

�x The project avoids fill, excavation, and permanent impacts in on-site wetlands. The project 
minimizes excavation and fill within Bear Creek. The rebuilt stormwater outfall is the sole 
permanent fill material below OHWM that is proposed. LWD is also proposed; however, this is 
anticipated to be regulated as habitat restoration components and is not considered fill material. 
Excavation and fill, and project construction activities in general, have been minimized within 
wetland and stream buffer habitat. 
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�x Design of the proposed stormwater outfall improvements has received input from WDFW, 
Muckleshoot Indian Tribe, and USACE. Design will consolidate and realign the existing two outfalls 
into Bear Creek into one structure and outfall. Rounded boulders and cobbles, incorporation of 
LWD, and live stakes planted at and above the OHWM are currently proposed. Extents and sizing 
of the rock for the outfall is expected to be refined in final design utilizing basin-specific flow 
data/modeling. Both the City and RH2 team, as well as regulatory agencies, desire minimization 
of rock placed below the OHWM. The current design is conservative, and final design will 
minimize this square footage and fill impact to the extent practicable.  

�x Proposed incipient channels and resulting floodplain hummocks will be installed by hand, using 
hand-tools and light duty equipment to minimize impact to the Bear Creek floodplain. Incipient 
channel design has been conducted to minimize work below the Bear Creek OHWM and 
vegetation removal in the floodplain.  

�x Proposed LWD will be anchored with earth or LWD pile anchors, avoiding boulder anchors and 
resulting fill in the floodplain and creek. LWD is anticipated to be placed by hand, using 
excavators stationed on the Avondale Road surface, and via crane (as needed) to avoid and 
minimize machinery in the Bear Creek floodplain. LWD is proposed for both embankment toe 
stabilization and enhancement of the Bear Creek riparian habitat. 

�x The existing riprap embankment of Avondale Road will be rebuilt using rock, cobble, gravel, sand, 
and topsoil to protect the wall toe, but also to allow for revegetation with native woody species 
and provide sediment inputs to Bear Creek over time.  

�x Tree removal has been avoided to the extent practicable, with all significant trees removed being 
replaced at a 1:1 ratio. Removal of native tree and shrub vegetation has been minimized to the 
extent possible; a minimal amount of non-regulated and hazard trees will be removed to facilitate 
wall construction and rebuilding of the embankment slope. Invasive vegetation removal will occur 
in areas to be replanted with native tree and shrub vegetation.  

�x Appropriate temporary erosion and sedimentation measures (TESC), water management and 
disposal, and minimization measures (MMs) have been incorporated into the design. These will 
be further refined through project design and permitting efforts. TESC measures and MMs shall 
be implemented prior to construction and maintained for the duration of construction activities, 
then properly removed and disposed of following construction. This work will occur in accordance 
with an approved Stormwater Pollution Prevention Plan.  

�x Mitigation for temporary and permanent impacts will be completed onsite, meeting and 
���Æ���������]�v�P���š�Z�����Œ���š�]�}�•���Œ���‹�µ�]�Œ���������Ç�����}�š�Z���š�Z�������]�š�Ç�����v�������}�µ�v�š�Ç�[�•���������•�����v����shoreline regulations. 
Mitigation aims to address and provide riparian cover and increased wood volume in Bear Creek, 
ultimately supporting sustainable salmonid populations. Monitoring efforts will be conducted for 
a minimum of 5 years to aid in achieving mitigation goals.  

Project Footprint 
The project footprint is shown on Figures 1 through 4 and design plans (Appendix C) and straddles the 
City (west Avondale Road ROW and south-southwest of the City-County limits) and the County (east of 
the Avondale Road ROW and north-northeast of the City-County limits).  
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Project construction within the City limits includes clearing and grading activities to construct the 
temporary access road and soldier pile wall; rebuild the embankment terrace; install stormwater 
infrastructure and rebuild the stormwater outfalls; install LWD for embankment toe protection; 
replace street trees, remove invasive species, and install buffer mitigation planting; reconstruct 
sidewalk and roadway impacted by construction, as needed; and install pedestrian fence and railing. 
This construction will involve work within wetland and stream buffer habitat, the Natural shoreline 
environment associated with Bear Creek, FWHCAs associated with Bear Creek, seismic hazard areas, 
and the CARA 1 areas, all of which are designated as City critical areas. 

Project construction within the County includes clearing and grading activities to construct the 
temporary access road; rebuild the embankment terrace; rebuild the stormwater outfalls; install LWD 
for embankment toe protection and channel/habitat enhancement; construct incipient channels and 
floodplain hummocks; and remove invasive species and install buffer mitigation planting. Additionally, 
some temporary storage and stockpiling of LWD and mitigation materials (e.g., plants, soils, and beaver 
fencing materials), and temporary work area isolation, dewatering and water management facilities 
work, and materials are anticipated within the Bear Creek buffer areas to facilitate installation of these 
improvements. This construction will involve work within Bear Creek, stream and wetland buffer 
habitat, the Aquatic and Conservancy shoreline environments associated with Bear Creek, FWHCAs 
associated with Bear Creek, FEMA 100-year floodplain and floodway, and seismic hazard areas, all of 
which are designated as County critical areas. 

Project staging, stockpiling, and heavy equipment operation/storage is largely anticipated to occur 
onsite within a semi-permanent partial lane closure of Avondale Road and/or offsite. The City and RH2 
team are presently evaluating and identifying staging/stockpiling and equipment access/storage needs. 
Semi-permanent partial lane closure and potential heavy equipment staging and access within the 
Avondale Road ROW will be further defined in subsequent design. Properties being evaluated for 
potential temporary staging/stockpiling use include: 

�x South of the project site and east of Avondale Road: City-owned parcel nos. 0625069066 and 
0625069061 (undeveloped, disturbed parcels); 

�x West of the project site and west of Avondale Road: City-owned parcel nos. 3275880180 and 
3275880190 (access road and stormwater pond for the Hidden Ridge development); 

�x The north parking lot and/or natural undeveloped areas north of the stormwater ponds and 
adjacent to the proposed project footprint of Fairwinds on parcel no. 3126069026; and 

�x ���]�•�š�µ�Œ�����������v�����P�Œ���À���o���������Œ�����•���}�(���š�Z�������}�µ�v�š�Ç�[�•���>�����E�������}�Ç�o�����Œ���•�]�����v�������}�v���‰���Œ�����o��
no. 3126069037.  

Staging and stockpiling activities on Fairwinds and/or County LCBNA Parks land will require additional 
coordination with property owners, well-defined limits, and identification of restricted areas/activities 
to minimize and avoid adverse critical areas buffer and shoreline impacts. Additionally, these areas will 
need to be restored to existing condition and/or mitigated. As all these potential properties are further 
vetted, additional documentation for critical areas and/or shoreline impacts may be needed. 

Isolation of the work area below the Bear Creek OHWM to install LWD and rebuild the stormwater 
outfall and embankment toe is anticipated within the agency-approved in-water work window. Flows 
within Bear Creek are anticipated to be low during the summer (July 15th to September 30th) work 
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window (e.g., ranging between 13 and 25 cfs7), minimizing dewatering and temporary water 
management needs during construction. Dewatering activities and method of temporary water 
management and disposal have been included in project design plans to the extent they are currently 
defined. Subsequent design efforts are anticipated to further detail this work; however, all dewatering 
water will be managed and discharged in a manner that is consistent with City, County, and state water 
quality requirements. Turbid and/or sediment-laden water will not be discharged directly to Bear Creek 
or on-site wetlands. Any dewatering water discharged within on-site buffer habitat will need to be 
filtered, dispersed, and allowed to flow through and/or infiltrate within vegetated buffer habitat. 
Highly turbid and/or polluted waters shall be disposed offsite in accordance with State guidelines. 

Project Impacts 
The following critical areas impacts are anticipated to result from this project: 

�x Approximately 192 sf of Bear Creek will be permanently impacted to rebuild the existing riprap 
stormwater outfall, involving approximately 0.5 cy of excavation and 10.5 cy of fill (comprised of 
two-man boulders and 8-inch streambed cobbles with LWD and live stake plantings) (net fill 
10 cy). 

�x Approximately 78 sf of stream/wetland buffer will be permanently altered to install the 
stormwater outfall above the Bear Creek OHWM.  

�x Approximately 385 sf of stream/wetland buffer will be permanently altered to construct the 
proposed soldier pile wall and stormwater manholes/infrastructure (new hard surfaces). 

�x Approximately 975 sf of stream/wetland buffer will be temporarily cleared to install the 
construction access road. 

�x Approximately 3,208 sf of stream/wetland buffer will be permanently disturbed due to grading 
for the proposed incipient channels, the soldier pile wall and embankment terrace, and floodplain 
hummocks. This includes 13 cy of excavation to construct the incipient channels and 13 cy of fill 
to construct floodplain hummocks within the Bear Creek floodplain. 

Tables 13 and 14 provide a summary of project impacts and proposed mitigation, respectively. 

 

 
7 Based on analysis of gage flows and typical low-flow conditions by NHC in June 2021. 
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Table 13. Summary of Project Impacts 

Impact 
Category 

Project Actions Jurisdiction Type 
Total 

Impact 
(sf) 

Wetland 
Impact  

County (sf) 

Stream 
Impact 

County (sf) 

Buffer 
Impact 

County (sf) 

Buffer 
Impact  
City (sf) 

Clearing Construction 
access road 

City and 
County Temporary 975 - - 730 245 

Grading 

Incipient 
channels, 

hummocks, 
wall 

City and 
County Permanent 3,208 - - 1,904 1,304 

Fill Stormwater 
outfall 

City and 
County Permanent 270 - 192 76 2 

New 
Impervious 

Surface 

Wall and 
stormwater 
manholes 

City Permanent 385 - - - 385 

Total 4,838 - 192 2,710 1,936 

Table 14. Summary of Project Mitigation 

Category of 
Mitigation 

Proposed Mitigation 
Activities 

Jurisdiction 
Required 
Mitigation 

Ratio 

Proposed 
Mitigation 

Ratio 

Required 
Area (sf) 

Proposed 
Area (sf) 

Buffer 
Enhancement 

Remove invasives 
and replant with 

native woody species 

City 1:11 ~1.6:1 1,936 3,394 

County 1:12 ~2.7:1 2,710 7,271 
Stream 

Enhancement 
Add LWD for 

instream habitat County 1:13 ~16:1 192 3,149 

Total 4,838 13,814 
1RZC 21.64.030B and RZC 21.64.020C and D provide wetland alteration replacement ratios and FWHCAs/riparian stream 
corridor alteration requirements, respectively. These Code sections do not specifically list required ratios for wetland or stream 
buffer impacts. Through coordination with City staff, RH2 anticipates buffer impacts resulting from the project will be replaced 
at a minimum 1:1 ratio. 
2KCC 21A.24.340.B requires a 1:1 ratio for wetland buffer impact. This same ratio was used to guide buffer impact mitigation 
for those overlapping areas of both stream and wetland buffer. 

3KCC 21A.24.380.C.3 requires 1:1 ratio for impacts to streams if conducted onsite.  

Mitigation Goals and Objectives 
The project is intended to both enhance the Bear Creek riparian corridor in the project reach and 
stabilize and repair the Avondale Road embankment. Avondale Road embankment stabilization has been 
designed to avoid and minimize impacts to Bear Creek, resulting in a wall design that avoids significant 
fill, excavation, or permanent impact to Bear Creek. The existing stormwater outfalls will be combined 
and rebuilt into one outfall that uses boulders and rounded rock, LWD, and live stakes. LWD is proposed 
at the base of the embankment to enhance the Bear Creek channel and provide added reinforcement for 
the embankment toe. Incipient channels will be constructed in the meander bend opposite the 
embankment to further encourage the already-forming chute cutoff in this reach of Bear Creek. 
Floodplain hummocks will be formed using excavated material from the incipient channels. Additional 
LWD and slash piles are proposed to enhance and provide habitat in Bear Creek floodplain. In the 
affected reach, removal of invasive species and replanting with native tree and shrub plantings is 
proposed to enhance the riparian corridor. To this end, the goals for mitigation activities are: 
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